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SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-503 
APOLLO 8 MISSION 


BY 


Saturn Flight Evaluation Working Group 
George C. Marshall Space Flight Center 


ABSTRACT 


Saturn V AS-503 (Apollo 8 Mission) was launched at 07:51:00 Eastern 

Standard Time on December 21, 1968, from Kennedy Space Center, Complex 39, 
Pad A. The vehicle lifted off on schedule on a launch azimuth of 90 degrees 
east of north and rolled to a flight azimuth of 72.12 degrees east of north. 


The actual trajectory parameters of the AS-503 were close to nominal. The 
translunar injection targeting parameters were also very close to nominal. - 
A combination of continuous LH2 vent, a LOX dump and APS ullage burn was 
successful in decreasing the S-IVB/IU/LTA-B velocity to insure that the 
expended stage pass the trailing edge of the moon and obtain sufficient 
energy to continue to a solar orbit. The S-IVB/IU/LTA-B entered a solar 
orbit with a period of 340.8 days. 


The nine principal and one secondary detailed test objectives of this 
mission were completely accomplished. All major systems performed within 
design limits and close to predicted values throughout flight. No mal- 
functions or deviations occurred that adversely affected the flight or 
mission. 


Any questions or comments pertaining to the information contained in this 
report are invited and should be directed to: 


Director, George C. Marshall Space Flight Center 

Huntsville, Alabama 35812 

Attention: Chairman, Saturn Flight Evaluation 
Working Group, R-AERO-F (Phone 453-0357) 
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MISSION PLAN 


AS-503 was the third flight vehicle (Apollo 8 Mission) of the Apollo-Saturn 
V flight test program. It was to be the first manned Apollo Saturn V 
vehicle with the spacecraft performing the world's first manned circumlunar 
flight. The crew was to consist of Air Force Col. Frank Borman, Navy 

Capt. James Lovell and Air Force Maj. William Anders. 


The space vehicle was to be composed of the AS-503 launch vehicle, Command 
and Service Module (CSM) 103 and a Lunar Module Test Article (LTA-B) in 
place of an operational Lunar Module (LM). Payload weight, exclusive of 
the Launch Escape Tower (LET) was to be approximately 39,010 kilograms 
(87,700 Ibm). 


Launch was to be from Launch Complex 39, Pad A at the Kennedy Space Center 
(KSC). Because this was to be a lunar mission, it was necessary for the 
vehicle to be launched within a particular daily launch window within a 
monthly launch window. Part of the constraints were dictated by the desire 
to pass over selected lunar sites with lighting conditions similar to those 
planned for the later landing missions. Lunar orbit inclination, inclina- 
tion of the free return trajectory, and spacecraft propellant reserves 

were other primary factors considered in the mission design. 


The first monthly window planned for was December 1968 with launch 

dates of December 20th through December 27th. January was planned 

for as a backup. Subsequently, it was decided to make the first attempt 
on December 2Ist to have the total available daily window during daylight. 
Targeting for this day was to cause flight over lunar landing site II-P-2 


(2.63 degrees selenographic latitude, 34.03 degrees selenographic longitude). 


The actual window for December 21st, lasted from 7:50:22 AM to 12:31:40 PM 
Eastern Standard Time (EST) (4 hours 39 minutes duration). Launch was 
scheduled for 7:51 AM EST slightly into the available window. 


The vehicle was to be launched on an azimuth of 90 degrees, then rolled to 
a flight azimuth of from 72 to 108 degrees depending on time of launch. 


The vehicle's mass at launch was to be about 2,782,000 kilograms (6,134,000 
Ibm). The durations of the S-IC and S-II burns were to be approximately 
151 seconds and 366 seconds, respectively. The planned S-IVB first burn 
was about 156 seconds, culminating in the insertion of the S-IVB and 
Spacecraft into a 185 kilometer (100 n mi) circular parking orbit. 
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The total vehicle mass at insertion was to be about 127,500 kilograms 
(281,100 lbm). At 20 seconds after S-IVB first cutoff, the vehicle was to 
align itself with the local horizontal with position I down. This attitude 
was to be maintained through S-IVB restart preparation. 


Chilldown and reignition sequencing were ‘to begin over the Indian Ocean in 
preparation for reignition between Hawaii and-the Phillipines during the 
second or third revolution (first or second opportunity). The S-IVB second 
burn, which was to result in Translunar Injection (TLI), was to have a 
duration of approximately 315 seconds. The total vehicle mass at in- 
jection was to be about 58,800 kilograms (130,000 Ibm). The astronauts 

were to initiate separation of the CSM from the S-IVB 25 minutes after 

S-IVB second burn cutoff (start of Time Base 7 [T7]). During the separation, 
the vehicle was to be oriented to provide the lighting necessary for the 
docking maneuver on future flights. 


After spacecraft separation the S-IVB/IU/LTA-B was to align itself in a 

near retrograde attitude for a sequence in which residual LOX was to be dumped 
through the J-2 engine, and the two APS ullage engines were to be turned on 

to burn to depletion. The LOX dump was to occur between 132 and 137 minutes 
after the cutoff of the S-IVB second burn. The added velocity. increment 

from the propellant dump and ullage burn was to slow the stage down slightly 
to allow it to pass behind the moon. On this slingshot trajectory the 

stage would pick up energy from the moon's gravitational field and enter a 
pene enunte orbit rather than impacting the moon or remaining in an earth 
orbit. 


The CSM after separation was to continue on its translunar trajectory for 
about 66 hours. For a nominal mission, the CSM was to perform a Lunar 
Orbit Insertion (LOI) burn to insert into an initial orbit around the moon 
Of approximately 111 by 315 kilometers (60 by 170 nmi). After two 
revolutions in this orbit, a coplanar circularization burn was to be made 
to place the CSM in approximately a 111 kilometer (60 n mi) circular lunar 
orbit. A Transearth Injection (TEI) burn was to be planned near the end of 
revolution 10, or after about 20 hours in lunar orbit, to place the CSM 

on a transearth trajectory. Landing was scheduled in the Pacific Ocean 
about 57 hours later. | 


The figure shows the gross profile of the Mission C Prime. 
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FLIGHT TEST SUMMARY 


The first manned Saturn V Apollo space vehicle, AS-503 (Apollo 8 Mission), 
was launched at Kennedy Space Center (KSC), Florida on December 21, 1968 
at 07:51:00 Eastern Standard Time (EST) from Launch Complex 39, Pad A. 
This was the third launch of a Saturn V Apollo. The nine principle and 
one secondary detailed test objectives were completely accomplished. 


The launch countdown was completed without any unscheduled countdown heilds. 
Ground systems performance was highly satisfactory. The relatively few 
problems encountered in countdown were overcome such that vehicle launch 
readiness was not compromised. 


The vehicle was launched on an azimuth of 90 degrees east of north and 
after 12.1] seconds of vertical flight, (which included a small yaw 
maneuver for tower clearance) the vehicle began to roll into a flight 
azimuth of 72.124 degrees east of north. Actual trajectory parameters - 

of the AS-503 were close to nominal. Space-fixed velocity at S-IC 
Outboard Engine Cutoff (OECO) was 12.57 m/s (41.24 ft/s) greater than 
nominal. At S-II Engine Cutoff (ECO) the space-fixed velocity was 10.58 
m/s (34.71 ft/s) greater than nominal. At S-IVB first cutoff the space- 
fixed velocity was 0.44 m/s (1.44 ft/s) greater than nominal. The altitude 
at S-IVB first cutoff was 0.02 kilometers (0.01 n mi) lower than nominal 
and the surface range was 2.61 kilometers (1.41 n mi) greater than nominal. 
Parking orbit insertion conditions were very close to nominal. The space- 
fixed velocity at insertion was 0.01 m/s (0.03 ft/s) less than nominal. 

At translunar injection the total space-fixed velocity was 5.23 m/s 

(17.16 ft/s) less than nominal and the altitude was 3.62 kilometers (1.96 

n mi) higher than nominal. C3 (twice the specific energy of orbit) was 

49 631 mé/s@ (534,224 ft2/s¢) less than nominal. | 


All S-IC propulsion systems performed satisfactorily. In general, all 

flight performance data, as determined from the propulsion reconstruction 
analysis, were close to the nominal predictions. At the 35 to 38-second E 
time slice, average engine thrust reduced to standard pump inlet conditions 4 
was 0.73 percent lower than predicted. Average reduced specific impulse C 
was 0.11 percent lower than predicted, and reduced propellant consumption 
rate was 0.67 percent less than predicted. Inboard engine cutoff, as ce: 
indicated by engine No. 5 cutoff solenoid activation signal, occurred Pe 
0.03 second later than predicted. Outboard engine cutoff, as indicated — 
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by outboard engines No. 1, 2, 3, and 4 cutoff solenoid activation signals 
occurred 2.42 seconds later than predicted. An outboard engine LOX low 
level cutoff was predicted, but a combination of propeliant loading errors 
and, to a lesser extent, a fuel-rich mixture ratio resulted in a fuel Tow 
level initiated cutoff. 


The S-II propulsion system performed satisfactorily during the entire 
flight. Engine thrust at 61 seconds after Engine Start Command (ESC), was 
0.04 percent above prediction. Total engine propellant flowrate was 0.38 
percent above and specific impulse 0.34 percent below predictions at this 
time slice. Average engine mixture ratio was 0.69 percent above predicted. 
Engine No. 4 evidenced a change in performance level at approximately 200 
seconds after S-II ESC of approximately -6672 Newtons (-1500 Ibf) thrust. 

At this time the exact nature of this shift has not been determined but is 
receiving additional investigation. The pressure gauges in the S-II stage 
propulsion system and the accelerometers at certain structural locations 
showed oscillations during the latter portion of S-II powered flight. 
Oscillations of about 18 hertz were evident in engine No. 5 (center engine) 
parameters beginning at approximately 450 seconds. Amplitude of the center 
engine oscillations began increasing at about 478 seconds. An 18 hertz 
response in the S-II crossbeam region peaked at 482 seconds which showed 

a like trend of amplitude and frequency to that of the center engine 

chamber pressure. Accelerations were at much smaller amplitudes in the 
outboard engines at 18 hertz and chamber pressures were in the noise level. 
Accelerations were noted in the spacecraft flight data of approximately 

9 hertz peaking at 493 seconds and another of approximately 11 hertz peaking 
at 510 seconds. Chamber pressures were well within the noise level for 
these two frequency trends. Engine No. 5 experienced a thrust level decrease 
of about 27,050 Newtons (6081 Ibf) and propellant mixture ratio change of 
-0.1 units coincident with the onset of the high amplitude 18 hertz 
oscillations. The oscillations dampened out about 4 seconds prior to S-II 
engine cutoff. Although the results of the evaluation are not conclusive, 
it appears that the oscillations were induced by the LOX pumps and 

possibly amplified by the center engine support structure. Self-induced 

LOX pump oscillations may be related to the low Engine Mixture Ratio (EMR) 
and low Net Positive Suction Pressure (NPSP) existing during this time 
period, although the NPSP is considerably above the level at which self 
driven oscillations are normally produced. Engine and pump tests to 
investigate this possibility are being conducted at the engine manufacturer's 
test facility and at Huntsville. A recommendation to increase LOX tank 
ullage pressure for the latter portion of the S-II burn by commanding the 
LOX regulator full open at S-II ESC + 98.6 seconds is being implemented 

for AS-504. Engine cutoff, as sensed by the Launch Vehicle Digital Computer 
(LVDC), was at 524.04 seconds, with a burn time only 0.42 second longer 

than predicted. | a ae os | 


The S-IVB J-2 engine operated satisfactorily throughout the operational 
phase of first and second burn with normal shutdowns. S-IVB first burn 
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time was 156.69 seconds which was 2.11 secorids less than predicted. The 
engine performance during first burn, as determined from standard altitude 
reconstruction analysis, deviated from the predicted ESC + 80-second time 
Slice by +0.01 percent for thrust and +0.04 percent for specific impulse. 
The S-IVB stage first burn ECO was initiated by the LVDC at 684.98 seconds. 
The Continuous Vent System (CVS) adequately regulated LHo tank ullage 
pressure at 13.4 N/cm¢ (19.5 psia) during orbit, and the Oxygen/Hydrogen 
(0o/H2) Burner, in its first flight operation, satisfactorily achieved 
LHo tank repressurization for restart. Repressurization of the LOX tank 
was not required. Engine restart conditions were within specified limits. 
The restart at full open Propellant Utilizacion (PU) valve position was 
successful and thers were no indications of overtemperature conditions 
in the gas generatur. S-I¥B second burn time was 317.72 seconds which 
was 2.07 seconds jonger than predicted. The engine performance during 
second burn, as determined from the standard altitude reconstruction 
analysis, deviated from the jredicted ESC + 80-second time slice by -0.03 
percent for tnrust and +0.28 percent for specific impulse. The S-IVB 
stage ECO was initiated by the LVDC at 10,555.51 seconds. Subsequent 
to second burn, the stage propellant tanks were safed satisfactorily, with 
sufficient impulse being derived from the LOX dump to impart 20.4 m/s 
(66.9 ft/s) to stage velocity. This slowed the vehicle down and was a 
major contributory factor toward avoiding lunar impact and establishing a 
solar orbit. The instrumentation addéd to this stage to monitor the 
effectiveness of the engine's Augmented Spark Igniter (ASI) line modifica- 
Hon Showed no indications of line failure on this engine. Special 
instrumentation added to the cold helium system to detect any leakage in. 
the system indicated that no leakage was observed on AS-503. Sphere 
temperature and pressure data likewise indicated no leakage. 


The hydraulic systems on all stages penionticg Seria TaGHor ity throughout 
the flight. 


The structural loads and dynamic environment experienced by the AS-503 
launch vehicle were well within the vehicle structural capability. Vehicle 
loads, due to the combined rigid body and dynamic jorgitudinal load and 
bending moment, were well below limit design values. Vehicle dynamic 
characteristics followed the trends established by preflight analyses. 

The POGO suppression system apparently performed well, as the first mode 
frequency of the outboard LOX suction ducts was lowered to approximately 

2 hertz as predicted, and there was no evidence of an unstable coupled | 
thrust-structure- feed system oscillation /{P0GO) during S-IC powered flight. 
Fin bending and torsional modes compared w-11 with analytical predictions. 
On previous flights the fin vibrations exceeded the range of the 
accelerometers. On AS-503 the measurement range was increased and the 
measured vibration levels remained within range and below design values 

at all times. No fin flutter occurred. S-IC stage vibrations were generally 
as expected except at the heat shield. The shield flight vibration environ- 
ment, measured for the first time on AS-503, was considerably higher than 
expected. This high vibration may have contributed to the loss of M-3] 
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insulation. S-II stage and S-IVB stage environmental vibrations were also 
generally as expected considering the fact that certain measurements were 
relocated and improved measurement systems were used. The S-IVB stage ASI 
lines dynamic strains measured in flight were within the range of similar 
data recorded during static firing. Instrument Unit vibrations compared 
favorably with those of previous Saturn V flights. 


The guidance and navigation system performed satisfactorily during all 
periods for which data are available. The boost navigation and guidance 
schemes were executed properly and terminal parameters were very good for 
both parking orbit and translunar injection. The vehicle trajectory 
exhibited a slightly flatter altitude profile than that predicted in the 
operational trajectory. Analysis reveals that the most probable cause 
was the vehicle state vector at Iterative Guidance Mode (IGM) initiation 
being different than predicted. At S-IC OECO, the vehicle altitude was 
less than predicted and the velocity was greater. The resulting optimum 
fuel usage trajectory determined by the LVDC flight program was predictable 
and resulted in satisfactory end conditions. 





The ST-124M-3 inertial platform and associated electronic equipment per- 
formed as expected. Telemetry from the LVDC ‘indicated that inertial 
reference was still being maintained at 25,420 seconds (7:03:40). The 
accelerometer loop signals indicated that the accelerometers correctly 
‘measured vehicle acceleration throughout the flight. | 


The AS-503 Flight Control Computer (FCC), Thrust Vector Control (TVC), and 
Auxiliary Propulsion System (APS) satisfied all requirements for vehicle 
attitude control during boost and orbital control modes. Vehicle-tower 
clearances during liftoff were satisfactory with less than 25 percent of 
the available margins utilized. To improve S-IC outboard engine out 
characteristics, the FCC control outputs to the F-1 engines were biased to 
provide a 2-dearee outboard cant beginning at 20.64 seconds. S-IC/S-II 
first and second plane separations were satisfactory, resulting in minimum 
disturbance to the control system. S-II/S-IVB separation was nominal and 
caused only small attitude disturbances. Control] system activity during 
First and second S-IVB burns was nominal. Following CSM separation the 
launch vehicle maintained a frozen inertial attitude until 6541 seconds 
after second cutoff, when the vehicle was commanded to the "slingshot" 
maneuver attitude (180 degrees pitch, 0 degree yaw, and 180 degrees roll 
attitudes relative to local horizontal). This attitude was inertially 

held through the maneuver. At approximately 19,556 seconds the S-IVB ullage 
engines were ignited to provide additional AV for the "slingshot" maneuver. 
Ullage engine No, 2 propellant depleted at 20,288.56 seconds, and engine No. 
] depletion occurred at 20,314.00 seconds. igs a 





In general, all AS-503 launch vehicle electrical systems performed 
satisfactorily. The power profiles of all stages were normal and all. 
Stage and switch selector commands were properly executed. The only 


a ; 
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deviations or out-of-tolerance conditions noted during the flight were 
intermittent operation of 3 temperature bridge power supplies on the S-II 
stage (two of these supplies were affected for approximately 30 seconds 
through maximum dynamic pressure [Max Q] and the third for approximately 
30 seconds starting at low PU step) and the S-IVB aft 5 volt excitation 
module dropped below the minimum of 4.975 vde from approximately 9410 

to 10,691 seconds. 


Data indicated that the redundant Secure Range Safety Command Systems 
(SRSCS) on the S-IC, S-II, and S-IVB stages were ready to perform their 
functions properly on command if flight conditions during the launch 
phase had required vehicle destruct. The system properly safed the S-IVB 
SRSCS on command from KSC. The performance of the Command and Communica- 
tions System (CCS) in the IU was satisfactory. 


The Emergency Detection System (EDS) performance was nominal; no abort limits 
were reached. The AS-503 EDS configuration was essentially the same as 
AS-502 except that the presence of the crew provided the capability for 

EDS manual abort and there was a dispiay of launch vehicle tank pressures 

in the spacecraft. | 


The vehicle internal, external, and base region pressure environments were 
generally in good agreement with the predictions and compared well: with 
previous flight data. The pressure environment was well below design 
levels. ‘The measured acoustic levels were generally in good agreement with 
the liftoff and inflight predictions, and with data from previous flights. 


The vehicle thermal environment was generally less severe than that for 
which the vehicle was designed. As on the previous flights, M-31 insulation 
was lost from the heat shield but caused no problems. 


The S-IC canister conditioning system and the aft environmental condition- 
ing system performed satisfactorily during the AS-503 countdown. The S-II] 
thermal control and compartment conditioning system maintained temperatures 
within the design limits throughout the prelaunch operations. The IU 
Environmental Control System (ECS) performed well throughout the flight. 
Coolant temperatures, pressures, and flowrates remained within the predicted 
ranges and design limits for the first 3 hours of available flight data. 


The AS-503 launch vehicle data system consisted of 2670 active flight 
measurements, 21 telemetry links, onboard tape recorders, film and television 
cameras, and tracking. With the exception of the onboard film cameras, 

all data system elements performed very satisfactorily. However, only one. 
of the four S-IC film cameras was recovered. The performance of all 

vehicle telemetry systems was excellent. The last usable VHF data were 
received by the Guaymas and Texas stations froin telemetry links CF-1 and 

CP-1 at 15,660 seconds (4:21:00). Performance of the Radio Frequency (RF) 
system was satisfactory. Measured flight data, with few exceptions, 
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agreed favorabiy with expected trends. Final loss of RF carrier signals 
after translunar injection were as follows: VHF telemetry was last 
received by Guaymas at approximately 29,230 seconds (8:07:10); CCS was 

lost by Guaymas at approximately 44,357 seconds (12:19:17), and the C-Band 
radar transmission was last received by Grand Turk Island (GTI) at 
approximately 21,325 seconds (5:55:25). Ground camera coverage was good as 
evidenced by 81.5 percent system efficiency. The onboard television (TV) 
systems performed satisfactorily and provided useful data. 
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SECTION 1 
INTRODUCTION 


1.1 PURPOSE 


This report provides the National Aeronautics and Space Administration 
(NASA) Headquarters, and other interested agencies, with the launch 
vehicle evaluation results of the AS-503 flight test. The basic objective 
of flight evaluation is to acquire, reduce, analyze, evaluate and report 
on flight test data to the extent required to assure future mission suc- 
cess and vehicle reliability. To accomplish this objective, actual flight 
malfunctions and deviations must be identified, their causes accurately 
determined, and complete information made available so that corrective 
action can be accomplished withtn the established flight schedule. 


1.2 SCOPE 


This report presents the results of the early engineering flight evalua- 
tion of the AS-503 launch vehicle. The contents are centered on the 
performance evaluation of the major launch vehicle systems, with special 
emphasis on failures, anomalies, and deviations. Summaries of launch 
operations and spacecraft performance are included for completeness. 


The official MSFC position at this time is represented by this report. 

It will not be followed by a similar report unless continued analysis or 

new information should prove the conclusion presented herein to be 

Significantly incorrect. Final stage evaluation reports will, however, 

be published by the stage contractors. Reports covering major subjects 
and sper‘al subjects will be published as required. | 
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SECTION 2 
EVENT TIMES 


2.1 SUMMARY OF EVENTS 


Range zero time, the basic time reference for this report, is 7:51:00 
Eastern Standard Time (EST) (12:51:00 Universal Time [UT]). This time is 
based on the nearest second prior to S-IC tail plug disconnect which 
occurred at 7:51:00.67 EST. Range time is calculated as the elapsed time 
from range zero time and reflects the time at which the event occurred at 
the vehicle, plus the time necessary to transmit the data from the vehicle 
to the ground stations. Figure 2-1 shows transmission delays plotted 
versus range time. Unless otherwise noted, range time is used throughout 
the report.’ | 


Guidance Reference Release (GRR)occurred at -16.97 and start of Time Base 
1 (T}) occurred 17.64 seconds later at 0.67 second. These times were 
established by the Digital Events Evaluator (DEE-6), except for the time 


from GRR to Ty which was determined by the Launch Vehicle Digital Computer — 


(LVDC). 


Range time for each time base used in the flight sequénce program and the 
signal for initiating each time base are presented in Table 2-1. 


Start of Ta was initiated approximately 2.45 seconds later than predicted 
by a fuel level sensor cutoff rather than the expected LOX level sensor 
cutoff. Reasons for the longer than expected S-IC burn time and fuel level 
cutoff are discussed in Section 5 of this document. 


Start of Tq was approximately 2.85 seconds later than predicted due to a 
combination of the late S-IC Outboard Engine Cutoff (OECO) and a longer 
than expected S-II burn as discussed in Section 6 of this document. © 
Start of Ts was approximately 1 second later than predicted. A shorter 
than predicted S-IVB burn, as discussed in Section 7, resulted in reducing 
the effect of the prolonged burns of the lower stages. | | 
Start’ of Tg and T7 were within nominal expectations for these events. 


oh was initiated at spacecraft separation detection by discrete input 
DIN 4, and upon completion proper return to 17 was accomplished. | 
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Figure 2-1. AS-503 Transmission Delay Time 


A summary of significant events for AS-503 jis given in Table 2-2. The 
actual-minus-predicted times listed in this table in the time-from-base 
columns are not all IU commanded switch selector functions, and deviations 
are not to be construed as failures to meet specified switch selector 
tolerances. The events associated with guidance, navigation, and control 
have been identified as being accurate to within a major computation cycle 
time or accurate to within + 0.5 second (see Table 2-2). 


_ ‘The spacecraft separation sequence was manually initiated at 12,056.3 
seconds, and physical separation was accomplished 3 seconds later at 
(12,059.3. The 3-second interval between initiation of the sequence and 
actual separation was engendered by a 3-second timer which inhibited the 


separation initiation signal to the separation pyrotechnics. A parallel = 


initiation signal, inhibited by a 30-millisecond timer, was sent to the 
Instrument Unit (IU) digital events register, = ©§ |. 


2.2 SEQUENCE OF EVENTS 


Table 2-3 lists the sequence of switch selector events. Terminology in. 
this table agrees with the terminology in document 40M33623C “Interface 
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Table 2-1. Time Base Summary 
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TIME BASE RANGE TIME | SIGNAL START 
SEC 
(HR:MIN:SEC) 
Tq | -16.97 Guidance Reference Release | 
Ty 0.67 IU Umbilical Disconnect Sensed 
by LVDC 
To 125.88 S-IC TECO Command by LVDC 
T3 153.82 S-IC OECO Sensed by LVDC 
Tq 524.04 S-II ECO Sensed by LVDC 
ie 685.19 S-IVB ECO (Velocity) Sensed by 
LVDC 
Ts 9659.54 Restart Equation Solution 
(2:40:59.54) 
ize 10,555.73 S-IVB ECO (Velocity) Sensed by 
2505 555.273) | LVDC . 
Ts, 12,057.70 Spacecraft Separation Sensed by 
gia t (3:20:57.70) LVDC 


Control Definition of Saturn SA-503 Flight Sequence Program". The times 


reported are accurate to within 10 milliseconds. Ten events, including 
S-II engine start, were not verified because of telemetry dropout during 
S-IC/S-II staging, although subsequent events indicate that these events 
did in fact occur. Additionally, some orbital events and some events 
after translunar injection were not verified because of Station visibility 
constraints and loss of data due to Flight perturbations. Probable times 
for these events were calculated from the flight program and are so 
identified in the table. | 


Table 2-4 lists the known switch selector events which were issued during 
flight but were not programmed for specific times. The water coolant valve 
Open and close switch selector commands were issued based on the condition | 


Of two thermal switches in the Environmental Control System (ECS). The 


Outputs of these switches were sampled once every 300 seconds beginning at. 
480 seconds; and a switch selector command was issued to open the water 
valve if the sensed temperature was too high and close the water valve if 
the temperature wa$*too low. | 3 | 


| 223° 


This table also contains the special sequence switch selector events which 
were programmed to be initiated by telemetry station acquisition. The 
issuance of these commands assured telemetry calibration data while the 
vehicle. was in range of the station. 
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Table 2-2. Significant Event Times Summary 
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RANGE TIME 














































ACTUAL ACT-PRED |} ACTUAL ACT-PRED 
SEC SEC SEC SEC 
Guidance Reference -17.64 -0.98 
Release 
2. S-IC Engine Start -9.56 | -0,04 
Sequence Command 
3. Range Zero -0.67 = 
All Holddown Arms : = 
Released 
First Motion : 
IU Umbilical Dis- TW . 
connect Start of 
Time Base 1 (Tj) | 
7. Begin Tower 1.09* 0.09 
Clearance Yaw 
Maneuver 
8. End Yaw Maneuver 9.05* 05 
Begin Pitch and Roll 11.44* 04 
Maneuver (Tilt and 
Roll) 
10. S-IC Outboard Engine 19,97 -0.03 
Cant, ON : 
11. Begin Second Segment 25.36* 0.3] 
Of Pitch Poly- 
nomial 
12, End Roll Maneuver 30.85* 65 
13. Mach 1 Achieved 60.81 8] 
14. Begin Third Segment 69, 56* 5] 
Of Pitch Polynomial 
15. Maximum Dynamic 78.23 220 
Pressure (Max Q) 
16. Begin Fourth Ségment 99.62% -0.43 
Of Pitch Polynomial | | 
-104,97% -0.03 


|17. Computer Switch 
. Point 1 Command 
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* Accurate tO within + 0.5 second. 
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18. 


19. 


20. 


ole 


20: 


23%. 


24. 


25. 
96. 
27. 
28. 
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Table 2-2. Significant Event Times Summary (Continued) 


EVENT 


Computer Switch 
Point 2 Command 


Start of Time Base 
2 (To) | 


S-IC Inboard Engine 
Cutoff Command 
(IECO) 

End Pitch Maneuver 
(Tilt Arrest) 


S-IC Outboard 


Engine Cutoff (OECO}. 


(Sensed by LVDC), 
Start of Time Base 
Sis ae 

S-II Ullage 
Ignition Command 
S-IC/S-II Separa- | 
tion Command to 
Fire Separation 
Devices and Retro 
Motors 


S-IC Retro Motor 
Burn Time Initia- 


tion (Thrust 


Buildup Begins) 


S-II Engine Start 
Command (ESC) 


S-II Ignition (STDV 
ia (Average of 
5 : 


S-II Engine at 90 
Percent Thrust 
(Average of 5) 


S-IIT Ullage Motor 
Burn Time Termina- 
tion (75 Percent 
Thrust) | 


* Accurate to within + 0.5 second. ~ 


| RANGE TIME TIME FROM BASE 
~ ACTUAL ACT-PRED | ACTUAL ACT-PRED 
SEC SEC SEC SEC 
(HR:MIN:SEC) 
120.62 | 


125.88 


125.93 
145.50* 


153.82 


154.29 


154.47 


155.19 


~156..19 
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Table 2-2. Significant Event Times Summary (Continued) 





RANGE TIME TIME FROM BASE 
ACTUAL ACT-PRED | ACTUAL ACT-PRED 
SEC SEC SEC SEC 
(HR:MIN: SEC) 
S-IT High Engine 160.67 2.40 -0.05 
Mixture Ratio (EMR) 
(5.5) Command 
S-II Second Plane 184.47 2.40 -0.05 
Separation Command 
Launch Escape Tower 188.6 1.03 -1.42 
(LET) Jettison 3 
Initiation of IGM 196.22* 339° 1.80 
Phase ] 
Steering Misalign- — 214,47 ** 0.64 0.05 
ment Correction 
(SMC) Turn On 
Computer Switch 215.17 2.40 -0.04 
- Point 3 Command | | 
Computer Switch 345.20 2.43 —-0.02 
Point 4 Command : 
S-II Low EMR (4.5) 443.45! 2.42 -0.04 
Command | ; 
Stop First Phase 443 .65* 4.07 0.17 
IGM and Initiate : 
IGM Phase 2 | : 
End of Artificial 484, 25** 6.17 0.98 : 
Tau Mode | , : - 
Begin Chi Freeze, |  —-513.12 0.04% 1.28 : 
End IGM Phase 2 : | . 
S-II Engine Cutoff 524.04 2.85 - t 
(ECO) (Sensed by fi 7 
LVDC), Start of B. 
Time Base 4 (Tq) | | ait : : 
S-IVB Ullage Motor | 524.78 2.89 0.04 . 
Ignition Command } | a s. 
'S-II/S-IVB Separa- 624.90 | = 2.91 0.06 j 
tion Command to le ca: ! 
Fire Separation : 
_ Devices and Retro. | 
Motors hi 
Ae Aieiate: to within + 0.5 second. oe ee ae aa 
t 


Accurate to major computation. “yclé decadent upon fenati of conputattan cycle. : 


Variable switch selector command issued when TyI ts equal to. or less than zero 
and $s a function. of the flight program. 


afi! 






Navigation 





. '* Aécurate to within + 0.5. second. 


** Accurate to major computation cycle dependent upon Jength of + conputatton cycle. 
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Table 2-2. Significant Event Times Summary (Continued) 
RANGE TIME TIME FROM BASE 
ACTUAL | ACT-PRED | ACTUAL ACT-PRED 
EVENT SEC SEG SEC SEC 
(HR:MIN:SEC) 
44, S-II Retro Motor 524.98 2.98 
Burn Time Initiation 
(Thrust Buildup 
Begins) 
45. LVDC S-IVB Engine 525.00 2.81 0.95 
| Start Sequence 
Command 
46. S-IVB Engine 528.29 3.10 4.25 
Ignition (STDV Open) 
47. S-IVB Engine at 530.53 2.84 6.49 
90 Percent Thrust | 
48. End Chi Freeze; 532.87* 4,04 11.68* 
Initiate Third 
Phase IGM 
(149. S-IVB Ullage Case 536.80 2.81 12.76 
Jettison Command | 
50. End Artificial Tau 540.01** 2.43 18.82** 
Mode | 
51. Initiate SMC 542 .02** ~0,81 17,.97** 
52. Initiate First Chi 652,87* 3.29 | 131.68* 
Bar Steering 
53. Initiate Chi Freeze, 677 .60* 0.39 | 156.41 
End Third Phase IGM : 
54. S-IVB Velocity Cut- 684.98 0.99 ff5-0.21 
off Command (ECO) 
95. S-IVB Engine Cutoff — 685.19 1,00 Ts 
Sensed by LVDC, 
Start of Time Base 
5 (Ts) ee Peay | 
56. S-IVB APS Ullage — 685.46 0.97 0.27 
Motor No. 1 Command o fee. | c 
57. S-IVB APS Ullage -- 685.60 1.01 0.40 
| Motor No. 2 Command 3 | a | 
|58. Parking Orbit 694,98 0.99 | 9.78 
| Insertion | tad Bee 
159. Begin Orbital -785.19% .98 | 100.00* 








Motor No. 2 Ignition 


Table 2-2, 


EVENT 





Initiate S-IVB Re- 
start Sequence and 
Start of Time Base 6 
(T6) 







S-IVB Helium Heater 
On Command 


S-IVB LHo Vent Valve 
Close Command 


S-IVB APS Ullage 
Motor No. 1 Ignition 
Command : 


S-IVB APS Ullage 







Command 


S-IVB Helium Heater 
Off Command 


LVDC S-IVB Engine 
Restart Command 


S-IVB APS Ullage 
Motor No. 1 Cutoff 
Command 


S-IVB APS Ullage 
Motor No. 2 Cutoff 
Command 


S-IVB Engine Re- 
ignition (STDV Open) 


S-IVB Engine at 90 
Percent. Thrust 


Out of Orbit IGM 
Initiation 
Initiate SMC 
Flight Control 
Computer Switch 
Point 6 Command 
S-IVB Velocity Cut- 
off Command (ECO) 















8 Accurate to within + 0,5 second, 


ae Accurate to fiajor computat ton cycle iecsraane upon Jength of computation cycle, 


RANGE TIME 


ACTUAL 
SEG 


9659.54 


9700.80 


9701.72 


10,155.82 


10,155.91 


10,160.80 
10,229.51 


10,232.49 


10,232.59 


10,237.79 


10,240.02 
10,245.83" 


10,253.53 
10,497.49 


10,555.51 
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Significant Event Times Summary (Continued) 


TIME FROM BASE 


ACTUAL | ACT~PRED 
SEC SEU 


eit sceteberteimasampteanatamat tie temt sent itetearmunber tyrstiaphonnettt conus eit fniege oteanate does oa 2 CHES A TOP UILIUIEVIUTS TILT Grit spe citrate cue ricer net cerecepnne ee teat forme tise ets ene er ecineececarnte eereee eetanreee 
PEA RORAMRT a cess Mint soe rae adam Meher ne ptr ee cig boned seeing ae Ea Tea aan ae : : eaten : : 


I TRPESERITTTD renner perry erode eter og erent gngereat acti 


Lh opesteteataeegeyy 


Table 2-2. Significant Event Times Summary (Continued) 


(Helium Contro] 
Valve Open Command 
for LOX Dump) 





* Accurate to within + 0.5 second. 





RANGE TIME TIME FROM BASE 
ACTUAL ACT-PRED | ACTUAL j ACT-PRED 
EVENT SEC SEC SEG SEC 
(HR:MIN:SEC) 

S-IVB Engine Cutoff 10:5555:73 325 - 
Sensed by LVDC, 
Start of Time Base 7 
(T7), Begin Orbital 
Guidance 
S-IVB LH2 Vent Valve) 10,556.19 3.4] -0.03 
Open Command 7 
Translunar Injection) 10,565.51 fais: —~-0.02 
Start Local Hori- 10 ,575.77* 29 0.05 
zontal Attitude | 
Maneuver, Begin 
Orbital Navigation 
S-IVB LHo Vent Valve} 11,455.71 2.93 | 899.95 -0.05 
Close Command 
Start Maneuver for 11,458. 40* -2.06 |902.64* | -5.34 
Separation Attitude 
Spacecraft Separa- 12,056 .3 3.82 [1500.58 | 0.58 
tion Sequence Start 
Start of Time Base 12,057.70 - - 
5a (T5q) 
Flight Control 12,057.85 - -0.05 
Computer Switch 
Point No. 5 Command | 

+, LV-LTA/CSM Separa- - 12,059:,.3 3.82 0.58 
tion , a 
Start Slingshot 17,096.63* 4.15 —6-0.92 
Attitude Maneuver | , Be 
Begin Slingshot Model 17,756.02 3.54 ~0.05 
(LH> Vent Valve ara, | 
Open Command) | | | 
Apply Slingshot aV 18,476.03 3.35. -0.05 


Sn TERR TET Semi ety Me pend agy rr STeaern nar Meher Spee: Ag gato Marmot eE pees E fo Aperateerer nk & 


Table 2-2. Significant Event Times Summary (Continued) 


TIME FROM BASE 


ACTUAL ACT-PRED 


RANGE TIME 
ACTUAL | ACT-PRED 















EVENT SEC SEC SEC SEC 
(HR:MIN:SEC) 

End Propellant Dump] 18,776.03 3.55 (8220.15 | -0.05 
(Mainstage Control 
Valve Close Command) 
S-IVB Ullage Engine] 19,555.85 3.37 |8999.96 | -0.04 
No. 1 on Command i 
S-IVB Ullage Engine 19,556.06 3.38 (9000.17 -0.03. 
No. 2 on Command 
S-IVB Ullage Engine 20,288.56 - |9732.83. - 
No. 2 Depleted : 
S-IVB Ullage Engine 20,314.00 oe (9198 27 ob x - 


No. 1 Depleted 


reste, yt rtrnemrety eyestrain RMT Reet ore mere mi or ee gid oo See ted 


Table 2-3. Sequence of Switch Selector Events 





RANGE TIME TIME FROM BASE 


ACTUAL ACTUAL ACT-PRED 
(SEC) (SEC) | SEC 


0.0 0.0 










FUNCTION 












Liftoff - Start of Time Base 1 (T1) 














4.95 -0.05 
13.95 -05 


Sensor Bias, ON 









Multiple Engine Cutoff, ENABLE 









.05 
703 
-05 





S-IC Outboard Engines Cant, ON "A" 19.75 














S-IC Qutboard Engines Cant, ON "B"” 19.97 








20.15 






5-1 Outboard Engines Cant, ON "C" 










Telemeter Calibrate, ON 23.95 .05 






Telemetry Calibrator In-Flight Cali- 
brate, ON 












26.97 -0.03 















Telemeter Calibrate, OFF 95 .05 





28. 










Launch Vehicle Engines EDS Cutoff, 
ENABLE 








29.95 -0.05 









Telemetry Calibrator In-Flight 
Calibrate, OFF 











31.97 ~0.03 












Fuel Pressurizing Valve No. 2 Open + 
Tape Recorder, RECORD 









05 
04 


49.45 


96 















START Data Recorders 73 








Cooling System Electronic Assembly 
Power, OFF 








74 





95 -0.05. 








15. Telemetry Calibrator In-Flight 
- Calibrate, ON 






89.97 -0.03 













16. Telemetry Calibrator In-Flight 


Calibrate, OFF 04.97 ~0.03 
















Fuel Pressurizing Valve No. 3, OPEN 95. .03 







18. Flight Control Computer Switch 
Point No. 1 





|19. Telemeter Calibrate, ON .03 





20. Flight Control Computer Switch 
— Point No. 2 











119.95 “0.05. 
0 .04 
05 
05 
05 





21. Telemeter Calibrate, OFF 











22. Fuel Pressurizing Valve No. 4, OPEN 






23:3 Tape Recorder Record, ON 
24. LOX Tank Strobe Lig 





hts, OFF 





03 |. 


Bi REDO TESTE oy tle 2 aT Spee eee arco ee eyes Ber yn Glee dee Sg ta 9 ONE SE Saga ee Saath CS eS 


25. 
26. 
27. 


28. 


29. 
30. 


qe 
a2 
33: 
34, 
35. 


36. 


37. 
38. 
39. 


40. 


41. 
42. 
43. 

|44. 
ts. 
46. 


Table 2-3. 


FUNCTION | 





S-IC Two paging: Out Auto-Abort 
Inhibit, ENABLE 


S-IC Two Engines Out Auto-Abort 
INHIBIT 


Excess Rate (P, Y, R) Auto-Abort 
Inhibit, ENABLE 


Excess Rate (P, Y, R) Auto-Abort 
Inhibit and Switch Rate Gyros SC, 
INDICATION "A" 


Two Adjacent Outboard Engines Out 
Cutoff, ENABLE 


START of Time Base 2 
ae 
Inboard Engine Cutoff (IECO) 


Inboard Engine Cutoff, BACKUP 
START First PAM-FM/FM Calibration 
Auto-Abort Enable Relays, RESET 


Excess Rate (Roll) Auto-Abort 
Inhibit, ENABLE 


Excess Rate (Roll) Auto-Abort 
Inhibit and switch Rate Gyros SC, 
INDICATION "B" 

STOP First PAM-FM/FM Calibration 


S-II Ordnance, ARM 


Separation and Retro No. 1 EBW Firing 


Units, ARM 


Separation and Retro No. Z EBW Firing 


Units, ARM 
Telemetry Measurement, SWITCHOVER 


Separation Camera, ON | 


Q-Ball Power, OFF 3 
Outboard Engines Cutoff, ENABLE 
Outboard Engines Cutoff Backup, ENABLE 


Outboard Engines, Cutoff - ‘START of 


Time Base 3 CL) Sa 








ACTUAL ACTUAL | ACT-PRED 


124. 


93 


~a 
{a 


33 


53 


Sequence of Switch Selector Events (Continued) 


RANGE TIME 


TIME FROM BASE 


124. 


124. 


124 


125. 


orUmUCOlUmUlUCUCODOCUCDTTCCD 


26 


45 


66 


~85 


-0.04 
-0.05 


~0.04 


-0.05 
-0.04 


0.0 

0.05 
-0.05 
-0.05 
-0.03 


-0.05 
-0.04 


-0.05 
-0.04 


70.05 


-0.04 
-0.05 


0.05 


-0.05 


0.05 
-0.04 


creer St 


wean mennynee pesmranee tet 


Table 2-3. Sequence of Switch Selector Events (Continued) 


RANGE TIME TIME FROM BASE 
STAGE , 
FUNCTION. ACTUAL ACTUAL ACT-PRED 
(SEC) (SEC) SEC 


47. LHo Tank High Pressure Vent Mode S-II 153.90 
48. S-II LH2 Recirculation Pumps, OFF $-II 154.00 
49. S-II Ullage, TRIGGER S-II 154.29 
50. S-IC/S-II Separation (No. 1) S-IC 154.47 
51. S-IC/S-II Separation (No. 2) S-IC 154.57 
52. S-II Engines Cutoff, RESET S-II 154.69* 
153. Engines Ready, BYPASS S-II 154.79* 
54. Prevalves Lockout, RESET S-II 154.89* 
55. Switch Engine Control To S-II and S-IC 
Outboard Engine Cant, OFF "A" IU 154.99* 
56. S-IC auboand Engines cane, OFF "B" IU 155.09* 
37. S-II Engine, START — | S-II 155.19* 


58. S-II Engine Out Indication "A", ENABLE; 

S-II AFT Interstage Separation Indica~ 

tion "A", ENABLE TIU 155.29* 
59. S-II Engine Out Indication "B", ENABLE; 

S-IIT AFT Interstage Separation Indica- 

tion "B", ENABLE IU 155.49* 
60. Engines Ready Bypass, RESET S-II 155.69* 
61. Measurement Transfer Mode Position "B" | S-IVB] | 155.79*. 
62. S-II Hydraulic Accumulators, UNLOCK |S-II | 156.78 
63. PU System Open Loop, ARN. S-II 159.99 
| 64. Chilldown Valves, CLOSE S-H 160.17. 
65. S-II Start Phase Limiter Cutoff, ARM |S-11] 160.50 
66. High (5.5) Engine Mixture Ratio, ON |S-II] 160.67 
67. S-II Start Phase Limiter Cutoff, 





ARM RESET 2" GAY: 46150 

| 68. Prevalves Close, ARM = sssit*=‘ié~iCSeT | 8 T6 

69. Tape Recorder Record, OFF keer fT 165.47 

70. STOP Data Recorders “Psat | 2 168,89 
71. Sel AFT Interstage Separation ‘S-Il 184.47 


*Derived times verified that these events occurred, 


2-14 


ye 
V3. 


74, 
Td: 
76. 


77, 
78. 
19. 


80. 
81. 
82. 
83. 
84. 


85. 


86. 
87. 
88. 
89. 
| 90. 
91. 
92. 
93. 
94. 
| 95. 
26. 


Table 2-3. Sequence of Switch Selector Events (Continued) 


FUNCTION 


Water Coolant Valve, OPEN 


Flight Control Computer Switch 
Point No. 3 


START Second PAM-FM/FM Calibration 
STOP Second PAM-FM/FM Calibration 


Flight Control Computer Switch 
Point No. 4 


Telemetry Calibrator In-Flight 
Calibrate, ON 


Telemetry Calibrator In-Flight 
Calibrate, OFF 


Measurement Control Switch No. 2, 
ACTIVATE 


START Third PAM-FM/FM Calibration 
STOP Third PAM-FM/FM Calibration 
High (5.5) Engine Mixture Ratio, OFF 
Low (4.5) Engine Mixture Ratio, ON 


Telemetry Calibrator In-Flight 
Calibrate, ON 


Telemetry Calibrator In-Flight 


Calibrate, OFF 


S-II LH? Step Pressurization 
Charge Ullage Ignition, ON 
S-I1/S-IVB Ordnance, ARM 


_ Tape Recorder Record, ON 


START Data Recorders 


STAGE 


S-IT LOX Depletion Sensors Cutoff, ARM] S-IT 


START of Time Base 4 (Ta) 


Cutoff S i Je 2. Engines BACKUP _ 


START Recorder Timers 


Prevalves Clo e OFF. 


** Variable switch. selattoy comand aecued when Ah is Sagal to. or “Tess than zero. 
and is a | Function: of the ae program. 


S- I LH2 Depletion Sensors Cutoff, ARM | S-II 





RANC® TIME 
ACTUAL 


(SEC) 


345. 


356. 


ae - 


20 


49 


49 


49 
78 
-78 
24re 
45%* 


.69 


.68 
.78 
.99 
18 
09 
527% 
.88 
08 
04 
13 
122 






TIME FROM BASE 


ACTUAL 


(SEC) 


30. 


61 
124. 
129 


19] 


202. 


95 


. 36 


96 


95 


38 


67 


4am 
.62e* 








ACT-PRED 
SEC 


Taqne orcas cemmnadepneny 'asy Menai cen. 
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Table 2-3. Sequence of Switch Selector Events (Continued) 


RANGE TIME TIME FROM BASE 
ACTUAL ACTUAL ACT-PRED 
FUNCTION stacey cru Ha 


97. S-IVB Engine Cutoff, OFF ‘S-IVB 524.4] 0.36 0.06 


98. LOX Tank Flight Pressure System, ON S-IVB 524.50 0.46 0.06 
99. Engine Ready, BYPASS S-IVB 524.59 0.55 0.05 
100. LOX Chilldown Pump, OFF S-IVB 524.69 0.64 06.04 
101. Fire Ullage Ignition, ON S-IVB 524.78 0.74 0.04 
102. (S-II/S-IVB Separation S-II 524.90 0.36 0.06 
103. S-IVB Engine Start, ON S-IvB| 525.00 0.95 ~0.05 
104. Flight Control Computer S-IVB Burn 
Mode, ON "A" IU 25.21 1.16 ~0.04 
105. Flight Control] Computer S-IVB Burn 
Mode, ON "B" Iu 525.30 1.26 -0.04 
106. Fuel Chilldown Pump, OFF S-IVB| 526.22 2.17 -0.03 
[107. S-IVB Engine Out Indication AH | 
ENABLE IU 526.52 2.47 -0.03 
108. S-IVB Engine Out Indication "B", | 
ENABLE Tu 526.70 2.65 -0.05 
109. Fuel Injection Temperature OK, BYPASS |S-IvB 528.01 3.96 -0.04 
110. S-IVB Engine Start, OFF S-IVB 528.20 4.15 -0.05 
111... First Burn Relay, ON S-IVB 529.80 5.75 -0.05 
12. Charge Ullage Jettison, ON S-IVB 533.80 9.75 ~0.05 
113. Fire Ullage Jettison, ON S-IVB 536.80 12.76 -0.04 
114. Ullage Charging, RESET S-IVB 537.80 13.75 -0.05 
. Ullage Firing, RESET | S-1VB 538.02 | 13.97 -0.03 
Fue} Injection Temperature OK Bypass, | | 
ESET S-IVB 538.20 14.15 -0.05 
Tape Recorder Record, OFF Iu 538.42 14.37 -0.03 
Telemetry Calibrator In-Flight | ; | 
Calibrate, ON : IU 540.82  F6.77 -0.03 
Telemetry Calibrator In-Flight a ; | . | 
Calibrate, OFF : IU 545.80 21.75 0.05 | 
Heat-Exchanger Bypass Valve Control, . Gah 6G Se 
; . S-IVB} 548.02 — 23.97 ~ ~0.03 





> ENABLE 


ener decries 


2-16. 


121. 
122. 
123. 
124, 
125; 


1126. 
127. 


Ais. 
129. 
130. 
131. 
132. 


REP 
134. 
135. 
136. 
137. 
138. 


139. 
140. 


141, 
142. 
143, 
144, 


Table 2-3. 


FUNCTION 


In-Flight Calibration Mode, ON 
™ Calibrate, ON 

T™ Calibrate, OFF 

In-Flight Calibration Mode, OFF 


Engine Pump Purge Control Valve, 
ENABLE ON 


S-IVB Engine Cutoff Velocity 
Velocity Cutoff of S-IVB Engine 
S-IVB Engine Cutoff 

Point tevel Sensor, DISARMING 
S-IVB Ullage Engine No. 71, ON 
S-IVB Ullage Engine No. 2, ON 


S-IVB Ullage Thrust Present 
Indication, ON 


First Burn Relay, OFF 
LOX Tank Flight Pressure System, OFF 


LOX Tank Pressurization Shutoff 
Valves, CLOSE 


Engine Pump Purge Control Valve 


Enable, ON 


Flight Control Computer S-IVB Burn 
Mode, OFF "A" 


Flight ce aee Computer S-IVB Burn 
Mode, OFF " 


Aux. Hydraulic Pump Flight Mode, OFF 


Telemetry Calibrator In-Flight 
Calibrate, ON 


S/C Control of Saturn, ENABLE 


In-Flight Calibration Mode, ON 
™ ‘Calibrate, ON 


Telemetry Calibrator In- “Flight 
Calibrate, F 


i 


| RANGE TIME TIME FROM BASE 
ACTUAL ACTUAL | ACT-PRED 
S-IVB 549.71 25 66 -0.04 
S-IVB} 550.21 26.17. -0.03 
S-IvB| 555.22 31.17 -0.03 
S-IVB 555.70 31.65 -0.05 
5-IVB 678.42 -6.78 0.22 
S-IVB 684.98 -0.21 -0.01 
s-IvB| 685.19 0.0 0.0. 
S-IVB 685.28 0.09 -0.01 
S-IVB 685.37 0.18 -0.02 
S-IVB 685.46 0.27 -0.03 
S-1vB} 685.60 0.40 0.00 
IU 685.77 0.58 -0.02 
/S-Ivel 685.94 0.75 -0.05 
s-IvB} 686.35 1.16 -0.04 
S-IVB 686.57 1.37 -0.03 
s-IvB| 686.74 1.55 -0.05 
IU 688.65 3.46 -0.04 
1U 688.86 3.67 -0.03 
serve] 689.24 4.05 -0.05 
IU 689.34 4.15 20.05 
TU 690.16 4.97 -0.03 
| S-IVB 691.65 6. AGe -0.04 
S-IVB} 692.14 6.95. -0.05 
1U | 694. 9.15. 05 


Sequence of Switch Selector Events. (Continued) 





Table 2-3. Sequence of Switch Selector Events (Continued) 


RANGE TIME| TIME FROM BASE 
ACTUAL ACTUAL 
STAGE} (SEC) (SEC) 


FUNCTION 
S-IVB Engine Qut Indication "A", 
ENABLE RESET 


S-IVB Engine Out Indication "B", 
ENABLE RESET 


S-1 RF Assembly Power, OFF 

Tape Recorder Playback Reverse, ON 
T™ Calibrate, OFF 

In-Flight Calibration Mode, OFF 
Single Sideband FM Transmitter, OFF 


LH2 Tank Continuous Vent Orifice 
Shutoff Valve, OPEN ON 


LH2 Tank Continuous Vent Reliet 
Override Shutoff Valve, OPEN ON 


LH2 Tank Continuous Vent Orifice 
Shutoff Valve Open, OFF 


LH2 Tank Continuous Vent Relief 
Override Shutoff Valve Cpen, OFF 


Tape Recorder Playback Reverse, OFF 
S-IVB Ullage Engine No. 1, OFF 
S-IVB Ullage Engine No. 2, OFF 


S-IVB Ul lage Thrust Present 
Indication, OFF 


PU Inverter and DC Power, OFF 


Engine Pump Purge Control Valve 
Enable, OFF ) oe 


Aux. Hydraulic Pump Flight Mode, ON 


Aux, Hydraulic Pump Flight Mode, OFF 


. PU Inverter and DC Power, ON ~ 


. Aux. Hydraulic Pump Flight Mode, ON 


Aux. Hydraulic Pump Flight Mode, OFF- 


. Begin Restart Preparations ~ START 
__S-IVB Restart Alert, ON 


' Derived time, event not verified. 


aia 





ACT-PRED 
SEC 


-0.05 


-0.01 


crapper ag omens cette 
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Table 2-3. Sequence of Switch Selector Events (Continued) 


RANGE TIME TIME FROM BASE 


ACTUAL ACTUAL ACT-PRED 
FUNCTION STAGE} (SEC) (SEC) 


169. S/C Control of Saturn, DISABLE j TU 9659.79 




























170. In-Flight Calibration Mode, ON S-IVB 9660.50 





171. Telemetry Calibrator In-Flight 
Calibrate, ON Iu 









9660.69 








T™ Calibrate, ON S-IVB 9660.90 












173. Telemetry Calibrator In-Flight 
Calibrate, OFF | 








9665.69 








T™ Calibrate, OFF S-IVB 9665.9] 
50 
50 


00 











175. In-Flight Calibration Mode, OFF S-IVB 





9666. 










176. S-IVB Engine Cutoff, OFF S-IVB 9669. 












9670. 






177. Single Sideband FM Transmitter, ON S-IVB 


178. LH2 Tank Vent and Latching Relief 
Valve Boost, CLOSE ON S-IVB 











9695.8] 













179. LOX Tank Vent and NPV Valves Boost, 
ON 


CLOSE 


9696.00 





180. S-IVB Restart Alert, OFF IU 9696.80 














181. LH2 Tank Vent and Latching Relief . 
Valve Boost Close, OFF S-IVB 










9697.80 


182. LOX Tank Vent and NPY Valves Boost 


Close, OFF 


S-IVB 9698.00 











183. Repressurization: System Mode 


Selector, OFF (AMB) — S-IVB 9700.62 





184. Burner LH2 Propellant Valve, OPEN ON | S-IVB 
















9700.80 















185. Burner Exciters, ON -S-IVB] 9701.10 

186. Burner LOX Shutdown Valve, OPEN ON S-IVB 9701.50 

187. LH2 Tank Continuous Vent Valve, CLOSE on 
ON : | S-IvB} 9701.72 


188. Burner LH2 Propellant Valve Open, OFF} S-IvB] 9702.30 











{189. Burner LOX Shutdown Valve Open, OFF | S-IVB 9703.02 
190. LH2 Tank Continuous Vent Valve Close, 7 
OFF : S-IVB] 9703.70 
191. Burner Exciters, OFF | S-IVB! 9704.90. 








Burner Automatic Cutoff System, ARM 07.51 





S-IvB] 
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Table 2-3. Sequence of Switch Selector Events (Continued) 
RANGE TIME 


ACTUAL ACTUAL ACT-PRED 
FUNCTION STAGE (SEC) (SEC) 


193. LH? Tank Repressurization Contre} 
Valve, OPEN ON S-IVB 9707.65 48.10 0.00 


194. LOX Tank Repressurization Control 

Valve, OPEN ON S-IVB 9707.82 48.27 -0.03 
195. Aux. Hydraulic Pump Flight Mode, ON S-1VB 9878.52 218.97 -0.03 
196. LOX Chilldown Pump, ON S-IVB 9908.50 248.95 -0.05 
197. Fuel Chilldown Pump, ON S-IVB 9913.50 253.95 -0.05 
198. Prevalves, CLOSE ON S-IVB 9918.52 258.97 -0.03 
199. In-Flight Calibration Mode, ON S-IVB!| 10,059.50 399.95 -0.05 
200. Telemetry Calibrator In-Flight | 

Calibrate, ON IU 10,059.72 400.17 -0.03 
201. TM Calibrate, ON S-IVB}| 10,059.90 400.35 -0.05 
202. Telemetry Calibrator In-Flight De ot 

Calibrate, OFF TU 10,064.72 405.17 -0.03 
203. TM Calibrate, OFF S-IVB] 10,064.90 405.35 -0.05 
204. In-Flight Ca’ibration Mode, OFF S-IVB| 10,065.50 405.95 -0.05 
205. Second Burn Relay, ON | S-1vB}] 10,109.50 449.96 -0.04 
206. PU Valve Hardover Position, ON ~ S-1VB} 10,109.60 | 450.05 | -0.05 
207. S-IVB Restart Alert, ON ~ . IU 10,153.10 493.55 -0.08 
208. S-IVB Ullage Engine No. 1, ON | S-IVB] 10,155.82. 496.27 -0.03 
209. S-IVB Ullage Engine No. 2, ON —*| S-IVB]_ 10,155.91 496. 36 -0.04 
210. S-IVB Ullage Thrust Present | 

~ Indication, ON IU 10,156.00 496.45 -0.05 

211. LOX Tank Repressurization Control ; as | 

Valve Open, OFF i. S-IVB] 10,156.10 496.55 -0.05 
212. LH2 Tank Repressurization Control | : 

~ Valve Open, OFF oe S-IVB} 10,156.20 496.65 -0.05 | 

213. Burner LH2 Propellant Valve, CLOSE ON] S-IVB] 10,156.30 496.75 | -0.05 
214. aieier Automatic Cutoff Syeceny: i) | a a | 

DISARM i= S-IVB} 10,156.51 | 496.96 7 -0.04 
215. LHe Tank Continuous Vent Valve, ES 


“GLOSE ON “9 : | S-1VB] 10,156.69 497.15 =0.05 
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235. 


236. 


Table 2-3. Sequence of Switch Selector Events (Continued) 


FUNCTION 


Repressurization System Mode Select, 


ON (AMB) 


LH2 Tank Continuous Vent Valve 
Close, OFF 


Burner LH2 Propellant Valve Close, 


OFF 


LOX Tank Repressurization Control 
Valve, OPEN ON 


Burner LOX Shutdown Valve, CLOSE 
ON 


Burner LOX Shutdown Valve Close, 
OFF 


LH2 Tank Repressunization Control 


Valve, OPEN ON 


Prevalves Close, OFF 

S-IVB Restart Alert, OFF 
Engine Ready, BYPASS 

Fuel Chilldown Pump, OFF 

LOX Chilldown Pump, OFF 

S-IVB Engine Start, ON 

S-IVB Ullage Engine No. 1, OFF 
S-IVB Ullage Engine No. 2, OFF 


S-IVB Ullage Thrust Present 
Indication, OFF . 


S-IVB Engine Out Indication "A", 
ENABLE 


LOX Tank Repressurization Control 


Valve Open, OFF 
‘S-IVB Engine Qut Indication "B", 


ENABLE 


LH» Tank Repressurization Control 
Valve Open, OFF — 


Flight Control Computer S-IVB 
Burn. Mode, ON "A" Gta . 


et 


RANGE TIME 


ACTUAL 
(SEC) 





10 






10,157. 


10,158.72 






10,159.30 





5] 






10,159. 


10,160. 





10,163. 







10,179. 






10,218. 
10,219. 
- 10,228. 
10,228. 








10,229. 






10,229. 










10,232. 





10 232. 







10,232. 


10,236. 






10,236. 


10,236. 






S-IVB| 10,236. 





10 237.0 
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TIME FROM BASE 


ACTUAL ACT-PRED 
(SEC) SEC 


497.56 -0.04 
499.17 -0.03 
499.75 -0.05 
499.96 -0.04 
501.25 ~0.05 
504.25 -0.05 
519.97 -0.03 
559.35 | 0.05 
559.96 -0.04 
568.57 -0.03 
569.37 -0.03 
569.55 -0.05 
569.97 | -0.03 
572.95 -0.05 
573.05 -0.05 
573.15 -0.05 
577.17 -0.03, 
877.26 | —-0.04 
577.45 | --0.05 
(877.55. 0.05 
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2304 
230% 
240. 


241. 
242. 
243. 


244, 


245. 
246. 
247. 


248. 
249. 


250. 


251. 
252. 


293% 
254, 


255. 
256. 
257. 


258. 


{ 


Table 2-3. 


FUNCTION 


Flight Control Computer S-IVB Burn 
Mode, ON "B" 


Fuel Injection Temperature OK, BYPASS 


LOX Tank Flight Pressure System, ON 


LOX Tank Pressurijzation Shutoff 
Valves, OPEN 


S-IVB Engine Start, OFF 
PU Valve Hardover Position, OFF 


Fuel Injection Temperature OK Bypass, 
RESET 


Flight Control Computer Switch Point 
No. 6 


Second Burn Relay, OFF 
S-IVB Velocity Cutoff 


S-IVB Engine Cutoff START of Time 
Base 7 cay 


S-IVB Engine Cutoff, BACKUP 


LH2 Tank Continuous Vent Orifice 
Shutoff Valve, OPEN ON 


LH? Tank Continuous Vent Relief 
Override Shutoff Valve, OPEN ON 


LOX Tank NPV Valve, OPEN ON 


LH2 Tank Latching Relief Valve, OPEN 
ON 


Point Level Sensor, DISARMING 


~ LOX Tank Pressurization Shutoff 


Valves, CLOSE 
LOX Tank Flight Pressure System, OFF 
Second Burn Relay, OFF 


LH2 Tank Continuous Vent Orifice 


_ Shutoff Valve Open, OFF 


LH2 Tank Continuous Vent Relief. 


Override Shutoff Valve Open, OFF 


RANGE TIME 


ACTUAL 
(SEC) 







10,237.30 
10,237.49 








10,237.71 
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1] 


10,237. 





10,238. 





10,242. 







10,247. 






10,497. 
10,509. 








_10,551. 






10,555. 






10,555. 


10,556. 







10,556. 







10 ,556./ 


10,556. 








10,556. 


10,556. 






10,556.85 








10,556. 







10,558. 


10,558. 
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Sequence of Switch Selector Events (Continued) 


TIME FROM BASE 


ACTUAL ACT-PRED 
(SEC) SEC 


577.76 -0.04 
577.95 -0.05 
578.17 -0.03 
578.35 -0.05 
578.57 -0.03 
582.95 -0.05 
587.96 -0.04 
837.95 -0.05 
849.97 -0.03 
-0.21 -0.01 
0.0 0.0 
0.09 -0.01 
0.46 -0.04 
0.60 0.00 
0.69 -0.01 
0.79 -0.01 
0.91 0.01 
1.00 0.00 
1.13 0.03 
1.22 9.02 
2.46 -0.04 
2.56 -0.04 
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Table 2-3. Sequence of Switch Selector Events (Continued) 


RANGE TIME TIME FROM BASE 


. STAGE| ACTUAL ACTUAL ACT-PRED 













LOX Tank NPV Valve Latch, OPEN ON 10,558.38 






LH2 Tank Latching Relief Valve 
Latch. ON 






10,558.48 











Flight Control Computer S-~IVB Burn 
Mode, OFF "A" 









10,559.28 





LOX Tank NPV Valve Open, OFF 







10,559. 38 





LH2 Tank Latching Relief Valve Open, 
OFF 






10,559.50 












Flight Control Computer S~IVB Burn 
Mode, OFF "B" 






10,559. 





Aux. Hycraulic Pump Flight Mode, OFF 





10,559. 





LOX Tank NPV Valve Latch Open, OFF 10,560. 













LH2 Tank Latching Relief Valve Latch, 
OFF 


268. S/C Control Of Saturn, ENABLE 


269. S-IVB Engine Out Indication "A" 
Enable, RESET 


270. S-IVB Engine Out Indication "B" 
Enable, RESET 


Single Sideband FM Transmitter, OFF 






10,560.49 
10,560. 











10,565.69 












10,565.88 
10,580. 


| 10,705. 






LOX Tank NPV Valve, OPEN ON 
LOX Tank NPV Valve Open, OFF 





10,706. 








274. LOX Tank Vent and NPV Valves Boost, 
CLOSE ON 







t 
10,709.39 












LOX Tank Vent and NPV Valves Boost 
Close, OFF. 






10,711.39 














2 LHe Tank Latching Relief Valve, OPEN 
ON’ | 11,454. 






LH2 Tank Cone nae Vent Valve, ‘a 
2 CLOSE ON ; 






11,455.51 













278. LHe Tank Latching Relief Valve been 
2S OFF 










11,455.71 


LH2 Tank Continuous von Valve 
Close, OFF 






11,457.51. 








280. LH2 Tank Vent. and Latching Relief 
Valve. Boost, CLOSE ON 






174,458.72 





1 Derived nee Sick not verified, . 


-0.05 
~0.05 


-0.05 
-0.05 


-0.02 


-0.03 
-0.03 
-0.04 


-0.04 
-0.03 
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Table 2-3. Sequence of Switch Selector Events (Continued) 


| RANGE TIME | | RANGE TIME | TIME FROM BASE 
. STAGE (cys eles ACT-PRED | 


Tank Vent and Latching Relief 


va ve Boost Close, OFF 11 ,460.7 904.98 |} -0. 
CCS Coax, SWITCH, Low Gain Antenna 11,755. 1199.95 ° -0.05 
PCM Coax, SWITCH, Low Gain Antenna 11,755. 1200.15' -0.05 
IU Command System, ENABLE 11,756. 1200.35 | -0.05 
START of Time Base 5, (Ts,) 12,057. TSA - 
Flight Control Coniputer Switch 

Point No. 5 12,057. T5at0.15 -0.05 
S-IVB EDS Cutoff No. 1, DISABLE 12,058. | T5a+0.35 -0.05 
S-IVB EDS Cutoff No. 2, DISABLE ~ 12,058. T5at0. 55 -0.05 
IU Command System, ENABLE 12,058. T5at+0.75 -0.05 
Burner LHp Propellant Valve | 

Close, OFF - 12,058. Tsat0.95 -0.05 
Burner LOX Shutdown Valve Close, 

OFF - 12,058. T5atl.16 -0.04 
Aux. Hydraulic Pump Flight Mode, ON . 13,755. T7+3200.04 0.04 
Aux. Hydraulic Pump Flight Mode, OFF - 13,803. 3247.95 -0.05 
LHo Tank Latching Relief Valve, OPEN . ‘ 

ON 14,156, 3600.35 ~0.05 
LHo Tank Latching Retief Valve Latch, t 

ON | 14,158. 3602.35 | -0.05 
LHo Tank Latching Relief Valve Open, . ; 4 

OFF - 14,159.16 3603.35 -0.05 
LHo Tank Latching Relief Valve t t 

Latch, OFF - 14,160. 3604.35 | -0.05 — 
LHp Tank Latching Relief Valve, | a 
OPEN ON © $-! 15,054, 4498.96 ~0.04 
LH» Tank Latching Relief Valve Open, | 

OFF , 15,055. 4499.96 ; -0.04 
LH» Tank Vent and Latching Relief. | ee | 
Valve Boost, CLOSE ON 5-1 15,058. 4502.95 -0.05 
LHo Tank Vent and Latching Relief | ae — | 
Valve Boost Close, OFF - 15,060. 4504.95 -0.05 
LHp Tank Vent Valve, CLOSE ON “S-IvB] 16,376.25 | 5820.41 0.01 
LHg Tank Continuous Vent Orifice a 
Shutoff Valve, OPEN ON - 17,756. 7200.15 | ~-0.05 





—t Derived time, event not verified. 
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Table 2-3. Sequence of Switch Selector Events (Continued ) 


: : ACTUAL ACTUAL ACT-PRED 
FUNCTION STAGE (SEC) (SEC) (SEC) 


304. LH2 Tank Continuous Vent Relief 









17 5756.13 -0.04 


























































































Override shutoff Valve, OPEN ON 7200.26 
305. S-IVB Engine EDS Cutoff No. 2, DISABLE 17,756.31 7200.45 -0.05 
306. LH2 Tank Continuous Vent Orifice ! 
Shutoff Valve Open, OFF 17,758.02 7202.15 -0.05 
307. LH2 Tank Continuous Vent Relief 
Override Shutoff Valve Open, OFF 125758. 7202.25 -0.05 
308. Aux. Hydraulic Pump Flight Mode, ON 18,445. 7889.95 -0.05 
309. Passivation, ENABLE 18,465. 7909.95 -0.05 
310. Engine Mainstage Control Valve, 
OPEN ON 18,475. 7919. -0.05 
311. Engine He Control Valve, OPEN ON 18,476. 7920. -0.05 
312, Start Bottle Vent Control] Valve, 
OPEN ON 18,505. — 7949, -0.05 
313. Start Bottle Vent Control Valve 
Open, OFF 18,655. 8099. -0.05 
314. Engine Pump Purge Control Valve, 
ENABLE ON 18,745. 8189. -0.05 
315. . Engine Mainstage Control Valve 
Open, OFF 18,776. 8220. -0.05 
316. Engine He Control Valve Open, OFF 18,776. : 8220. -0.05 
317, Aux. Hydraulic Pump Flight Mode, OFF 18,778. 8222. -0.05 
1318. LOX Tank NPV Valve, OPEN ON 18,779. 8223. -0.05 
319. LH2 Tank Latching Relief Valve, . 
OPEN ON 18,779.23 8223.3! -0.05 
1320. LOX Tank NPV Valve Latch, OPEN ON 18,781. 8225.15 -0.05 
321. LH2 Tank Latching Relief Valve Latch, : | 
ON | 18,781. 8225.35 -0.05 
322. LOX Tank NPV Valve Open, OFF 18,782. 8226.15 |. -0.05 
323. LH2 Tank Latching Relief Valve Open, mae | is : 
oS OFF ao 18,782.23 8226.35 | ~0.05 
‘{324. LOX Tank NPV Valve Latch Open, OFF ' 18,783.03 8227.15 | -0.05 
325. LH2 Tank Latching Relief Valve | | : 
18,783.23 8227.35 -0.05 


Latch, OFF 
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Table 2-3. Sequence of Switch Selector Events (Continued) 


FUNCTION 


Repressurization System Mode Select, 
OFF (AMB) 


LH2 Tank Repressurization Control 
Valve, OPEN ON 


S-IVB Ullage Engine No. 1, ON 
S-IVB Ullage Engine No. 2, ON © 

CCS Coax, SWITCH, High Gain Antenna 
PCM Coax, SWITCH, High Gain Antenna 


Repressurization System Mode Select, 
ON (AMB) 


tH2 Tank Repressurization Control 
Valve Open, OFF 


Engine He Control Valve, OPEN ON 


Engine Pump Purge Control Valve, 
ENABLE OFF 


Engine He Control Valve Open, OFF 
Passivation, DISABLE 





t Derived time, event not verified. 





RANGE TIME 
STAGE | ACTUAL 
(SEC) 
18,783.43 


18,783.63 
19,555.85 
19,556.06 
19,635.85 
19,636.06 


t 
21,783.68 


21,983.68" 


21,983.88" 


22,265.88" 
22,283.88" 
22,284.88" 
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TIME FROM BASE 


ACTUAL 
(SEC) 


8227.55 


8227.75 
8999.96 
9000.17 
9079.96 
9080.17 


11,227.76 


11,427.76 


t 
11,427.96 


11,709.96 
11,727.9€ 

t 
11,728.96 


ACT -PRED 
(SEC) 





mien oth poet perce ore Ppa tes ert 


Table 2.4, Variable Time and Commanded 
Switch Selector Events 







STAGE | RANGE “TIME FROM 
TIME BASE 
(SEC) (SEC) 













Inflight Calibration Mode, ON 9362.57 T5+4677. 36 














5362.77 | 15+4677.56 





Telemetry Calibrator In-Flight 
| Calibrate, ON 

















| TM Calibrate, ON 5362.97 15+4677.76 















Telemetry Calibrator In-Flight 5367.77 


T5+4682.56 
Calibrate, OFF 



















| TM Calibrate, OFF 5367, T5+4682.76 


T5+4683. 36 








In-Flight Calibration Mode, OFF 5368.57 





Telemetry Calibrator In-Flight 8955. 


T5+8270.70 
Calibrate, OFF 






















TM Calibrate, OFF 8956.10 | Ts5+8270.90 







In-Flight Calibration Mode, OFF 8956. T5+8271.50 











In-Flight Calibration Mode, ON 9650.72 | T5+8965.52 












Telemetry Calibrator In- -Flight 9650.93 


Calibrate, ON 


T5+8965.72 


























TM Calibrate, ON 9651.13 T5+8965.92 






Telemetry Calibrator In-Flight 9655, 


- T5+8970.70 
Calibrate, OFF 
























TM Calibrate, OFF 9656, T5+8970. ° 












| In-Flight Calibration Mode, OFF 9656.71 | T5+8971.50 






Spacecraft Control of Saturn, ENABLE 9659.7 T5+8974,.59. 
| Tg+837.95 


T7+2547.04 










10,497.49 
| 13,102. 83 


PCM High Gain Antenna, SWITCH 









Water Coolant Valve, OPEN 





| Water Coolant Valve, CLOSED 13,403.47 | 17+2847.68 
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Table 2-4. 


Variable Time and Commanded 


Switch Selector Events (Continued) 


EVENT 





Water Coolant Valve, OPEN 


Water Coolant Valve, CLOSED 


Water Coolant Valve, OPEN 


Water Coolant Valve, CLOSED 


PCM Low Gain Antenna SWITCH 


CCS Low 


Gain Antenna 


PCM Low Gain Antenna 


CCS Low 
PCM Low 
| CCS Low 


Gain Antenna 
Gain Antenna 


Gain Antenna 


Water Coolant Valve, 


Water Coolant Valve, 


PCM Low 


Gain Antenna 


PCM Low Gain Antenna 


CCS. Low 


Gain Antenna 


SWITCH 
SWITCH 
SWITCH 
SWITCH 
SWITCH 
OPEN 

CLOSED 
Switch 
SWITCH 
SWITCH 


TU 


TU 
TU 
TU 
IU 
TU 
IU 
TU 
IU 
TU 
IU 


IU. 


IU 
TU 


16,711. 
17,012. 
18,214. 
18,515. 
19,096. 
19,096. 
19,096. 
19,096. 
19,097. 
19,098, 
20,017. 
20,318. 
21,177. 
21,179. 
21,179. 







00 


TIME FRUM 


BASE 
(SEC) 


T7+6155. 


T7+6456. 
T7+7658. 
T7+7959.1 
T7+8540. 
T7+8540. 
T7+8540. 
T7+8540. 
T7+8542. 
T7+8542. 
T7+9461. 
T7+9762. 





SECTION 3 
LAUNCH OPERATIONS 


3.1 SUMMARY 


The jaunch countdown for AS-503 was completed with no holds or significant 
delays encountered. Ground systeins performance was highly satisfactory. 
The relatively few problems encountered in countdown were overcome such 
Trat vehicle launch readiness was not compromised. 


Launch damage to the complex and support equipment was minor. Blast damage 
appears to be Tess than that encountered on AS-501 and AS-502. 


3,2  PRELAUNCH MILESTONES 


Tae iaunch vehicle checkout started at Kennedy Spacé Center (KSC) with the 
arrival of the S-II-3 stage December 26, 1967. At that time the flight of 
AS-503 in early May was to be unmanned, utilizing boilerplate BP-30 in lieu 
uf an operational spacecraft. By mid April virtually al} testing in the 
Vehicle Assembly Building (VAB) had been completed. Final preparations 

ta move to Pad A were held pending completion of the AS-502 flight test 
data analysis and the AS-503 manned/unmanned decision. The decision was 
received April 27, 1968 that the AS-503 Flight would be manned and that 
CSM-{03/LM-3 would be used instead of BP-30. Man-rating the S-II-3 stage 
which involved an additional cryogenic proof pressure test at Mississippi 
Test Facility (MTF) was required. This test was successfully completed 
May 30, 1968 and the stage was returned to KSC June 27, 1968. Testing of 
the complete launch vehicle was again started in mid August, 3 1/2 months 
after destacking. 


The LM-3 testing started June 11, 1968, but after 2 months of testing, it 
appeared doubtful that the Lunar Module (LM) would ba operationally ready 

to support the planned launch readiness date Of early December. Therefore, 
the decision was made August 19, 1968 that the Lunar Medule Test Article 
(LTA-B) would be substituted for LM-3. Following satis#actory checkout, 

the spacecraft was erected atop the launch vehicle October 8, 1968 and the 
Space vehicle was transferred to the pad October 9, 1968. Checkout operation | 
of the space vehicle at the pad proceeded witnout any significant problems 
that would impact the launch readiness date which was based on the earliest — 
lunar window. Table 3-1 lists all the significant activities or events 
which occurred at KSC leading up to the successful launch of Apollo 8. 
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Table 3-1. AS-503 Milestones 


DATE ~ ACTIVITY OR EVENT 


December 26, 1967 S-II Arrival 
December 27, 1967 S-IC Arrival 
December 30, 1967 | S-IVB Arrival, S-IC Erection on LUT-1 
January 4, 1968 IU Arrival 
January 6, 1968 BP-30 Arrival 
January 9, 1968 LTA-B Arrival 
January 19, 1968 LTA-B Mate With SLA-10 
January 31, 1968 S-II.Erection 

February 1, 1968 S-IVB, IU Erection 

February 5, 1968 BP-30, Summary LES Erettion 
| February 12, 1968 LV Electrical Mate Completion 

‘| March 11, 1968 SV OAT 1 Completion | 
March 25, 1968 SV Pull Test Completion 
April 8, 1968 SV OAT 2 Completion 
April 10, 1968 Decision to Deerect BP-30 for SPS Tank Skirt Mod 
April 27, 1968 C Mission Changed to C Prime Mission 
April 28, 1968 SLA-10, IU, S-IVB Deerection | 

April 29, 1968 S-II Deerection 

May 1, 1968 S-II Departure for MTF 

June 9, 1968 LM-3 Descent Stage Arrival 

June 14, 1968 — LM-3 Ascent Stace Arrival 

June 27, 1968 S-I1-3 Arrival from MTF 

July 24, 1968 - S-I1-3 Erection | 
August 6, 1968 CSM 103 Quad Arrival 

‘August 11, 1968 SM 103 Arrival 
August 12, 1968 CM 103 Arrival. 
‘| August 14, 1968 S-IVB Erection 

August 15, 1968 | IU Erection | : 
‘August 16, 1968 | Facility Verification Vehicle Erection 
































— 
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Table 3-1. AS-503 Milestones (Continued): 


DATE ACTIVITY OR EVENT 


August 19, 1968 Apolto & Designation for AS-503. Decision to 
Replace LM-3 with SLA-11A and LTA-B. 


CM 103 Mate with SM 103 

LV Electrical Systems Test Completion 
CSM 103 Combined Systems Test Completion 
Facility Verification Vehicle Deerection 
BP-30 Erection for SA Checkout 

SLA-11A Arrival 

LTA-B Mate with SLA-11A 






August 22, 1968 
August 23, 1968 
September 5, 1968 
September 14, 1968 
September 15, 1968 
September 18, 1968 
September 29, 1968 
























1 December 





21, 1968 





October 2, 1968 service Arm OAT Completion 
October 4, 1968 BP-30 Deerection, CSM 103 
| October 7, 1968 CSM 103 Erection in VAB 
| October 9, 1968 Space Vehicle Transfer to Pad A 
October 12, 1968 MSS Transfer to Pad A 
October 22, 1968 SV Cutoff and Malfunction Test Completion 
October 29, 1968 CSM MCC-H Test Completion 
November 5, 1968 SV Electrical Mate Completion 
November 7, 1968 SV OAT 1, Plugs-In, Completion 
November 11, 1968 LV MCC-H Test Completed 
November 12, 1968 LUT/Pad Water System Test Completion 
November 19, 1968 | SV Flight Readiness Test Completion 
November 30, 1968 SV Hypergolic Loading Completion 
| December 2, 1968 RP-1 Loading Completion | 
December 5, 1968 SV CDDT (Wet) Start 
December 10, 1968 | SV CDDT (Wet) Completion 
December 11, 1968 | SV CDDT (Dry) Completion 
December 15, 1968 SV Launch Countdown Start (-103 Hours ) 


Apollo 8 (AS-503) Launched at 0751 EST 





3.3 COUNTDOWN EVENTS 


The jaunch countdown started at 1900 Eastern Standard Time (EST) Sunday, 
December 15, 1968, at -103 hours. There were six preplanned holds 
incorporated into the countdown. The countdown proceeded as scheduled 
with relatively few problems. Many of the countdown operations were being 
accomplished consistently ahead of the clock. At 2051 EST December 19, 
1968, the terminal countdown sequence was started at -28 hours. At that 
time, the space vehicle operations were functionally ahead of the clock. 
Later in the count, it was discovered that the onboard LOX supply for the 
spacecraft Environmental Control System (ECS) and fuel cell systems was 
contaminated with No and preparations were made to replace the LOX. The 
LOX reservicing operations were completed with the tanks pressurized at 
approximately -10 nours. During the planned 6-hour hold period that 
Started at -9 hours, virtually all of the countdown tasks, which were 
delayed by the LOX detanking and retanking operations, had been brought 
back in line. When the count was picked up again at -9 hours, the space 
vehicle operations were essentially on schedule. At -8 hours S-IVB LOX 
ioading operations were started. The cryogenic loading operations were 
completed at 0329 EST, December 21, 1968, (8 minutes into the 1-hour 
scheduled hold). The count (-3:30 hours) was again picked up at 0421 EST, 
December 21, 1968. The crew entered the spacecraft at -2:53 hours. 
- Successful! launch of the Apollo 8 (AS-503) ‘occurred at 0751 EST, December 
21, 1968. | | 


3.4 PROPELLANT LOADING 
3.4.1 RP-1 Loading | i 


The RP-1 system successfully completed all operations in support of CDDT 
and launch. One minor fuel leak occurred during CDDT which required 
rescheduling of the S-IC tail service mast fuei operation. The level 
adjust drain operation during CDDT and countdown was completed at -1 hour 
establishing the required flight mass of RP-1 onboard. About 20 minutes 
was required to level adjust, drain, and inert the RP-1 system line. At 
ignition, KSC mass readout indicated that approximately 616,908 kilograms 
(1,360,049 Ibm) of RP-1 were onboard the S-IC stage. 


3.4.2 LOX Loading 


The LOX system supported CDDT and launch satisfactorily. A minor problem oe 
developed during LOX loading concerning the failure of two main pump b 


clutch temperature switches but it did not affect loading operations. LOX es 


fill sequence for launch was initiated at -8 hours, with all stage replenish | 
normal mode attained 3 hours 2 minutes later. Approximately 1332.5 m3 | 
(352,000 gal) of LOX were used during the two CDDT (wet) propellant 

loadings. Approximately 2119.8 m3 (560,000 gal) of LOX were consumed 
throughout countdown to securing. At launch, approximately 1627.7 m3 — . 
(430,000 gal) of LOX were onboard AS-503, > he 
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3.4.3 LH Loading 


The LH2 system performed satisfactorily throughout CDDT and launch count- 
down. The vehicle fill sequences were performed on schedule. Flight mass 
was within specification at liftoff. Preconditioning of the S-II LH tank 
began at -7 hours 42 minutes and was completed 2 hours 40 minutes later. 
LHo auto load was started at -4 hours 49 minutes with S-II chilldown; 100 
percent of flight mass was reached 46 minutes later. S-IVB loading began 
with S-II completion, and 100 percent flight mass was reached at -3 hours 
30 minutes. Total fill sequence required 86 minutes. The same fill time 
was required for eact propellant loading of the wet CDDT. Boiloff usage 
of LH2 was about 472.2 m? (125,000 gal) for each of the two propellant 
loadings during wet CDDT. The countdown and launch consumed approximately 
1779.1 m3 (470,000 gal) of LH». 


During both propellant loadings of the wet CDDT, the LH» loading logic 
initiated a revert of the S-II and S-IVB automatic replenishing during 

the S-IVB stage vent valve test. The cause was traced to a momentary 
pickup of the S-IVB overfill sensor. This resulted from the Propel lant 
Tanking Computer System (PTCS) sensing a low stage LHe level while the 
S-IVB stage vents were closed and the S-IVB tank was partially pressurized. 
The replenish valve opened for about 1 minute when it was not required. 
When. the S-IVB stage vent was opened and the tank depressurized, there 

was a series of momentary actuations of the overfill sensor causing the 
revert. A command (procedural requirement) to override the S-IVB reolenish 
valve to the closed position while the stage vents were closed was not 
given by S-IVB personnel before they closed the vents. The override close 
command was given in the proper sequence during countdown and, although 
preparations had been made to lockout an S-IVB revert, the S-IVB overfill 
Signal was not actuated. . 7 


A’minor hydrogen leak was detected during the first propellant loading of 
the wet CDDT at the packing of the S-IVB fill valve, when the valve was in 
the "reduced" position with the S-IVB about 95 percent full. The valve 
packing was retorqued before the second propellant loadiiig of the wet CDDT, 
and the leak did nét reappear during CDDT. During launch coun’ -wn, there 
was a Significant vapor leak at the same valve during S-IVB slow fill to 
100 percent. The valve was closed and the leak stopped immediately. The 
Slow fill sequence was continued using the redundant fill valve. 


3.4.4 Auxiliary Propulsion System Propellant Leading 


Propellant loading of the S-IVB Auxiliary Propulsion System (APS) was 
accomplished satisfactorily. Total propellant mass in both modules at 
liftoff was 175.2 kilograms (386.3 lbm) of Nitrogen Tetroxide (N04) and 
113.8 kilograms (250.8 1bm) of Monomethyl Hydrazine (MMH). The initial 
APS loads and the propellant usage during flight are discussed in 
paragraph 7.12. See TS re aaa eed hme ae ke hh Ce Srna ee 


3.4.5 S-IC Stage Propellant Load 


S-IC stage propellant loads obtained from the KSC weight and balance log 
were compared to those determined from continuous level sensor data. This 
comparison showed the LOX load to be 2304 kilograms (5079 Ibm) greater, 
and the fuel load 1095 kilograms (2415 Ibm) less than KSC loads. The 
propulsion performance reconstruction, utilizing a combined RPM chamber 
pressure match, was able to follow the continuous level sensor data for 
both LOX and fuel with an accuracy of +1.27 centimeters (+0.5 in.). The 
reconstruction matched also the residuals calculated from level sensor 
and line pressure data-indicating that the propellant loads determined 
from the level sensor data are accurate. Total propellants onboard at 
ignition command are shown in Table 3-2. The reconstructed LOX load is 
0.16 percent above, and the reconstructed fue? toad is 0.18 percent 
below the KSC indicated values. 


3.4.6 S-II Stage Pronellant Load 


The Propellant Utilization (PU) system (fine mass) indication of propellant 
mass onboard the S-II stage at liftoff was 858 kilograms (1891 Ibm) LOX | 
and 746 kilograms (1643 Ibm) LHo greater than predicted. S-II stage total 
propellant loads at S-IC ignition command are shown in Table 3-3 and 
includes trapped propellants below the tanks. The best estimate values, 

_ based on engine flowmeter data, are greater than predicted by 0.14 percent 
for LOX, and less than predicted by 0.46 percent for LH». 


3.4.7. S-IVB Stage Propellant Load 


The PU system indication of initial S-IVB stage propellant mass was only 
4 kilograms (7 1bm) greater for LOX and 13 kilograms (30 lbm) greater for 
LHo than the predicted values. -Table 3-4 lists the S-IVB propellant 
loads at S-IC ignition command. Best estimates were 0.04 percent less 
for LOX and 0.10 percent greater for LHe than the predicted propellant. 
masses. | 7 


3.5 S-II INSULATION PURGE AND LEAK DETECTION 


The S-II insulation purge system performed satisfactorily throughout the 
countdown. Outlet purge pressure was lost in the LHo tank sidewall cir- 
cuit’3 hours 30 minutes prior to liftoff, approximately 34 minutes after 
completion of S-II LHg loading. Operational television employed to 
inspect the sidewall insulation revealed that numerous cracks developed in 


the circumferential flexible closeouts of the insulation near Vehicle 


Station 55.3 meters (2177 in.), and also in the vertical closeout adjacent 
to engine No. 4. pens oon ae = 


The cause of cracking is assessed to local stresses resulting from extremely 
low surface temperatures created by a heavy frost layer. Both the closeout 
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Table 3-2. S-IC Stage Propellant Mass at Ignition Command 


MASS REQUIREMENTS 
PROPELLANT | UNITS | PREDICTED | LOADING 
PRIOR TO TABLE AT 
LAUNCH! IGNITION??? 
LOX kg 







MASS INDICATIONS MASS DEVIATIONS 


BEST 
ESTIMATE 
MINUS 
PREDICTED | TABLE 

























BEST ESTIMATE 


















1,418,852 
3,128,034 


1,420,593 | 1,416,556 | 1,418,860 
3,131,873 | 3,122,971 | 3,128,050 









615,812 
1,357,634 


RP-1 a | 612,982 616,908 615,812 
1,351,395 | 1,360,049 | 1,357,634 






2,034 ,665 


Total 2,033,575 | 2,033,464 | 2,034,672 
4,485 ,668 


4,483,268 | 4,483,020 | 4,485,684 





hen i LOX shied of 1137.3 ka/me (71.0 Ibm/ft3) and RP-1 density of 802.5 kg/m3 
50.1 lbm/ft3 

*Based on LOX density of 1138.2 kg/m? (71. 06 lbm/ft3) and RP-1 density of 808.1 kg/m3 
(50.445 lbm/ft3). 

KSC pronellant mass readouts are same as loading table data at ignition. 


Table 3-3. S-II Stage Propellant Mass at S-IC Ignition Command 





















PREDICTED PU PU SYS. [BEST EST 
a PRIOR TO LAUNCH | SYSTEM er iNaE a 















359,569 
792,714 


360 427 
794 ,605 


359 ,302 
792,125 


360,059 
793,795 















70,265 
154,907 






70 5587 
155,618 


71,333 70,434 
157,261 155,281 















430,324 
948,702 


431 ,760 429 ,736 
951 ,866 947 ,406 






430,156 
948 ,332 
















NOTE: Values include propellants below tanks. 


Table 3-4. S- VB Stage eee Mass at S-IC > Ignition Command 


x : PREDICTED BEST PU IND.{BEST EST. 
g Mase a tie PRED. _[PRED._ 
PRIOR TO LAUNCH 
a RPO R TY Eee] ACORRECTED) INTEGRAL eee PRED. |PRED. 





LOX | ka 87,508 | 87,512 87,501. 97,470 -38 
: ibm | 192.923. -| 192.930 | 192,906 192.840 - 
= ae | , | 0:80 
LH2 oF kg 549,665 | 19,678 [-- 19.611 19,684 13 
| Tbm 45,383 43,383 43.235 | 43,395 | 30 
, ¥ oy Den barre See a: “0207 
Total kg 107,173 - 107,190 |. Tors i2 yor, t54. 





Ibm 236,276 | 236,313 236,141 236 5235 | 37 
mo came . aes 





naa 
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Strips and adhesive on the S-II-3 stage were silicone compounds which 
lose elastomeric properties and become brittle at temperatures below 
211°K oon One sidewall temperature measurement indicated 194°K 
(-110°F). 


This insulation problem was experienced earlier on the S-II-4 stage at 
the MIF and initiated a change in the closeout configuration effective 
on S-II-4 and subsequent stages. The change was not made on the S-II-3 
Stage because of potential schedule impact and acceptance that the 
probability of calm wind, high humidity, and low temperatures (causing 
heavy frost) would be minimal at KSC. Figure 3-1 shows the insulation 
panel joint closeout used on S-II-3 together with the modified 
configuration. 


‘Contaminant gas concentrations in the system remained below launch mission 
rule limits at all times. Concentrations of hydrogen gas were low in all 
purge circuits following pressure stabilization during LHp fill. Acti- 
vation of back purge in the sidewall circuit after LH» loading precluded 
further monitoring of that circuit. A high concentration of nitrogen was 
present in the combined forward bulkhead circuits during LH> fill, and 
the forward bulkhead uninsulated area indicated a nitrogen content in 
excess of 1 percent just prior to liftoff. Cause is assessed to leaks in 
either the forward bulkhead insulation or the membrane seal since the 
forward interstage is purged with nitrogen during ground hold and is at 
slightly higher pressure than the purge circuits. 


3.6 GROUND SUPPORT EQUIPMENT 
Ground systems performance was highly satisfactory. The holddown arms, 


tail service masts, service arms, propellant tanking systems, and all 
other ground equipment functioned well in support of AS-503 launch. 


All Holddown Arms. (HDA) release occurred at 0.27 seconds. All arms released — 


pneumatically although the drop and lanyard pull for HDA 2 was sufficiently 
Slow to allow detonation of the backup explosive nut link. This had no 
detrimental effect on arm release. 


Tail Service Mast (TSM) retraction was normal. Mast retraction times were 
2.62 seconds for TSM 1-2, 2.77 seconds for TSM 3-2, and 2.54 seconds for 
TSM 3-4, measured from "umbilical plate separation" to "mast retract" 
indication. 


service arm retraction was normal except slight deviations of service arm 
4 and service arm 1. The service arm 4 retraction was initiated by the 
secondary supply and return hydraulic pilot valve which is fired by means 
of the HDA service arm control switch (1-inch liftoff) in sequence with 
the primary main unbilical carrier, LOX coupler, and LHa coupler release 
switches. The primary retract supply valve and the primary retract return 
valve, which are normally fired by means of the HDA 4 service arm control 
switch (1-inch liftoff) in sequence with the secondary main umbilical 
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carrier, LOX coupler, and LH2 coupler release switches, did not fire until 
the HDA 2 secondary service arm contro! switch was actuated (22-inch 
'Jiftoff). This bypassed the secondary main umbilical carrier, LOX coupler, 
and LH coupler release switches. Failure to initiate service arm 4 
primary retract, before closure of the 22-inch liftoff switch, has been 
attributed to faulty operation of one or more of the umbilical secondary 
release switches. In addition, postlaunch inspection revealed that the 
S-II LOX umbilical coupler on service arm 4 was not latched securely in 

the retract position. Investigation is continuing to determine the exact 
nature and extent of this problem. 


The withdrawal time for the service arm 1 carrier was 6.14 seconds. Normal 
withdrawal time is about 4.2 seconds. This did not affect overall service 
arm 1 retract time enough to cause terminal countdown sequence cutoff. 
Total service arm 1 retract time to safe angle was 11.1 seconds, 0.6 
second greater than specification limit, but 2.69 seconds before service 
arm 2 retract command. (Failure to achieve service arm 1 safe angle prior 
to time for service arm 2 retract at 16.2 seconds would cause sueerh.) 

The cause of the slow withdrawal has not been established. 


Detailed information of ground equipment performance, problems encountered 
during launch preparations, and blast damage to the complex and equipment 
is given in Apollo/Saturn V Ground Systems Evaluation Report AS-503, 
Kennedy Space Center, February 10, 1969. 


Overall damage to the launch complex and support equipment was less than 
that occurred at AS-501 and AS-502 launch. Modifications incorporated to 
reduce blast damage below that experienced on the previous launches were 
effective. Ablative coating on the HDA and tail service masts provided 
adequate blast protection. The ablative coating was removed from HDA 1, 
possibly because of poor bonding. It is estimated that less than 50 
percent of the coating on the tail service masts needs replacement. 
Damage to the service arm systems were significantly less than on AS-501 
and AS-502. Although there were several service arm hydraulic leaks, no 
hydraulic fires occurred as on previous launches. The fire protection 
system in LUT Room 4A activated at liftoff and covered the RP-1 and 
hydraulic equipment with dry chemical fire extinguishing powder. This 


also happened during AS-501 and AS-502 launches. 


In general, damage to the Marshall Space Flight Center (MSFC) furnished 
Ground Support Equipment (GSE) (mechanical and electrical) was minor. 

On LUT level 60, equipment storage rack damage was similar to that during 
previous launches. Again, welds were broken and door latching assemblies 
were torn off. On the LUT level 100, damage was characterized by broken 
welds, damaged door latches, and rack frames bowed out of shape. On 

~ Jevel 120, welds and door latches were broken as occurred during previous 
launches. : : : rs ee , 


SECTION 4 
TRAJECTORY 


4.1 SUMMARY 


The actual trajectory parameters of the AS-503 were close to nominal. 
The vehicle was launched on an azimuth of 90 degrees east of north. At 
12.11 seconds, the vehicle started a roll maneuver to a flight azimuth 
of 72.124 degrees east of north. 


The space-fixed velocity at S-IC Outboard Engine Cutoff (OECO) was 

12.57 m/s: (41.24 ft/s) greater than nominal. At S-II Engine Cutoff (ECO) 
the space-fixed velocity was 10.58 m/s (34.71 ft/s) greater than nominal. 
At S-IVB first cutoff the space-fixed velocity was 0.44 m/s (1.44 ft/s) 
greater than nominal. The altitude at S-IVB first cutoff was 0.02 kilo- 
meter (0.01 n mi) lower than nominal and the surface range was 2.61 kilo- 
meters (1.41 n mi) greater than nominal. 


The parking orbit insertion conditions were very close to nominal. The 
space-fixed velocity at insertion was 0.01 m/s (0.03 ft/s) less than 
nominal and the flight path angle was 0.001 degree greater than nominal. 
The eccentricity was 0.00001 greater than nominal. The apogee and perigee 
were 0.03 kilometer (0.02 n mi) and 0.16 kilometer (0.09 n mi) less. 

than nominal, respectively. 


The translunar injection eqating parameters were a very 1088 to 
nominal. The eccentricity was 0.00083 less than nominal, the inclination 
was 0.025 degree greater than nominal, the node was 0. 043. degree greater 
than nominal, and C3 was 49,631 m2/s2- (534,224 #t2/s2) less than nominal. 
At translunar injection the total space-fixed velocity was 5.23 m/s | 
(17.16 ft/s) less than nominal and the altitude was 3.62 Rvonebens: 

(1.96 n mi) higher than nominal. 


_ The actual surface range of the impact point for the S-IC stage, as de- 
termined from a theoretical free- -flight simulation, was within 8.34 kilo- 
meters (4.50 n mi) of the nominal. The free- -flight trajectory indicated 
S-II stage impact of 111.80 kilometers (60. 36 n me furtner downrange 
than the nominal impact point... | | oo 
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4.2 TRACKING DATA UTILIZATION 
4.2.1 Tracking During the Ascent Phase of Flight 


Tracking data were obtained during the period from the time of first motion 
through parking orbit insertion. 


The ascent trajectory was established by merging the launch phase trajec- 
tory with the best estimate trajectory. The launch phase trajectory was 
established by integrating the telemetered body-fixed accelerometer data, 
and verified by optical and Offset Frequency Doppler (ODOP) tracking data. 
The best estimate trajectory utilized telemetered guidance velocities as 
the generating parameters to fit data from ODOP and seven different C-Band 
tracking stations. These data points were fit through a guidance error 
model and constrained to the insertion vector obtained from the orbital 
solution. Comparison of the ascent trajectory with data from all the 
tracking systems yielded reasonable agreement. 


4.2.2 Tracking During Orbital Flight 


Table 4-1 presents a summary of the C-Band radar stations which furnished 
data for use in determining the orbital trajectory. There were also con- 
siderable S-Band tracking data available during the orbital flight which 
were not used in determining the orbital trajectory due to the abundance 
of C-Band radar data. 


Table 4-1. Summary of AS-503 Orbital C-Band Tracking Data Available 


STATION | ‘TYPE OF RADARS REV 1 REV 2 POST TLI. 


Bermuda : FPS-16M 
| FPS-16M 
-FPQ-6 

~ FPS-16M 



















Tananarive 










Carnarvon 


X 

X — X 

Y | 
White Sands © X 

















Patrick FPQ-6 
| Merritt Island -TPQ-18 
Bermuda | FPQ-6 
Vanguard Ship | — FPS-16M | ! 
Grand Turk TPQ-18 | 
Pretoria _  MPS-25M : 
Mercury Ship ~ FPS-16M ' 





Hawaii --FPS-16M 





AR? 


4.2.2 (Continued) 


The orbital trajectory was obtained by integrating corrected insertior, 
conditions forward. The insertion conditions, as determined by the 

Orbital Correction Program (OCP), were obtained by a differential cor- 
rection procedure which adjusted the estimated insertién conditions to 

fit the C-Band radar tracking data in accordance with the weights assigned 
to the data. After all the C-Band radar tracking data wore analyzed, some 
stations and passes were eliminated completely from use in the determination 
of the insertion conditions. 


4.2.3 Tracking During the Injection Phase of Flight 


C-Band radar data were obtained from Hawaii station during the period from 
S-IVB restart through translunar injection. 


The injection trajectory was established by utilizing telemetered guidance 
velocities as the generating parameters to fit the tracking data in a 

best estimate sense. These data points were fit through a guidance error 
model and initialized by the S-IVB restart vector obtained from the orbital 
solution. Comparison of the injection trajectory with tracking data yielded 
reasonable agreement. 


4.3 TRAJECTORY EVALUATION 
4.3.1 Ascent Trajectory 


Actual and nominal altitude, surface range, and cross range for the ascent 
phase are presented in Figure 4-1. The actual and nominal total earth- 
Fixed velocities, and the elevation angles (elevation of earth-fixed 
velocity vector from the local horizontal) of the velocity vectors are 
shown in Figure 4-2. Actual and nominal space-fixed velocity and flight eg 
path angle during ascent are shown in Figure 4-3. Comparisons of total : 
inertial accelerations are shown in Figure 4-4. The maximum acceleration - 
during S-IC burn according to the postflight trajectory was 3.96 g. The 
accuracy of the trajectory at S-IVB first cutoff is estimated to be . 
+1.0 m/s (£3.3 ft/s)in velocity components ard +500 meters (+1640 ft) in i 
position components. | | | | 


Mach number and dynamic pressure are shown in Figure 4-5. These parameters 
were calculated using measured meteorological data to an altitude of | 
89.75 kilometers (48.46 n mi). Above this altitude the measured data were f 
merged into the U.S. Standard Reference Atmosphere. 7 i 
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Actual and nominal values of parameters at significant trajectory event — 
times, cutoff events, and separation events are shown in Tables 4-2, 4-3, 
and 4-4, respectively. = | 


The free-flight trajectories of the discarded S~IC and S-II stages were : 
Simulated using initial conditions from the final postflight trajectory. — 
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Table 4-2. Comparison of Significant Trajectory Events 


EVENT PARAMETER ACTUAL NOMINAL* ACT~NOM 


First. Motion Range Time, sec 0.00 
Total Inertial Acceleration, m/s2 0.01 
(ft/s2) (0.03) 





















Mach 1] 










61.48 
7.35 
(3.97) 


Range Time, sec 
Altitude, km 
(n mi) 






































Maximum Dynamic Pressure Range Time, sec 78.90 2.82 
Dynamic Pressure, N/cm2 3.720 0.158 

(Ibf/ft?) (776.938) (743.939) (32.999) 

Altitude, km 13.43 12.77 0.66 

n mi) (6.90) (0.35) 










Maximum Total Inertial Range Time, sec 153.92 750.00 






Acceleration: S-IC Acceleration, t/s2 38.85 38.73 
(ft/s?) (127.46) (127.07) 
5-II Range Time, sec 






Acceleration, m/s2 
(ft/s2) 


Range Time, sec 
Acceleration, m/s2 







S-IVB Ist Burn 
























(ft/s2) (23.10) 
S-IVB 2nd Burn | Range Time, sec 10, 555. 61 10,552.38 
Acceleration, m/s2 15.32 
(ft/s2) (50.26) 


















































Apex: S-IC Stage Range Time, sec -2.79 
Altitude, km -6.13 

(n mi) (-3.31) 

Surface Range, km ; — =3.76 

(n mi) (175.70), (177.92) (-2.22) 

S-II Stage Range Time, sec 560.34 543.33 17.01 

Altitude, km 193.00 193.49 -0.49 

(n mi) (104.21), (104.48) (-0.27) 

Surface Range, km 1729.88 1627.84 102.04 

(n mi) £934.06) (878.96) — (55.10) 

Maximum Earth~Fixed Range Time, sec | 154.47 152.07 2.40 













Velocity: S-IC Velocity, m/s 2355.30 2346.18 9.12 
(ft/s) (7727.36) (7697.44) (29.92) 
S-II Kange Time, sec 524.90 521.99 
Velocity, m/s 6421.57 6411.35 
(ft/s) (21,068.74) | (21,034.61) 
S-IVB Ist Burn | Range Time, sec 685.50 684.5] 
Velocity, m/s | 7389.65 7388 .97 
(ft/s) (24,244.26) | (24,242.03) 
S-IVB 2nd Burn | Range Time, sec 10,556.00 10 552.79 
Velocity, m/s .— 10,417.68 © 10,422.51 
(34,178.74) —1(34,194.59) ‘(-15.85) 





(ft/s) 


* The nominal trajectory is based on the actual flight azimuth 
of 72.124 ide ae 
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Table 4-3. Comparison of Cutoff Events 


‘) . ACTUAL NOMINAL ACT-NOM ACTUAL NOMINAL ACT-NOM 


PARAMETER 


Range Time, sec 125.93 125.92 151.37 

Altitude, km 41.48 66.74 

(n mi) (22.40) (36.04) 

Surface Range, km 42.05 : 85.95 

(n mi) (22.71) (48.30) (46.41) 

Space-Fixed Velocity, m/s 1893.96 1940.83 2712.65 2700.08 

(ft/s) (6213.78) | (6367.55) (8899.77) | (8858.53) 

Flight Path Angle, deg 24.527 25.417 20.699 21.819 

Heading Angle, deg 76.572 76.391 75.387 75.414 

Cross Range, km 0.49 0.06 0.15 
(n mi) (0.26) (0.03) (0.08) © 

Cross Range Velocity, m/s 5.10 1.79 3] 4.94 5.22 

(ft/s) (16.73) (5.87) (10.86) (16.21) (17.13) 


|S St eco (v0 SeNnseD) S-IVB 1ST ECO (VELOCITY CUTOFF) 


Range Time, sec 524.04 521.19 2.85 











684.98 








683.99 


Altitude, km 191.54] 192.95 -1.4) 191.36 191.38 

(n mt) (103.42) | (104.18) | (-0.76) (103.33) } (103.34) 

iSurface Range, km 1504.32] 1490.39 | 13.93 2577.30 | 2574.69 
(n mi) (812.27) | (804.75) | (7.52) (1391.63) } (1390.22) 

Space-Fixed velocity, m/s 6821.15] 6810.57 10.58 7791.43 | 7790.99 

ft/s)| (22,379.10) |(22,344.39) | (34.71) | (25,562.43) (25,560.99) 

Flight Path Angle, dey 0.646 0.412 0.234 -0.001 -0.003 

Heading Angle, deg 81.777 81.731 0.046 88.098 88.091 

Cross Range, km 23.11 23.00 0.11 57.08 57.60 

(n mi) (12.48)| (12.42) | (0.06) (30.82) | (317.10) 


Cross Range Velocity, m/s 160.43 162.92 -2.49 
(ft/s) (526.35) (534.51) (=8.16) | 


Eee wf lve edceoo ence 


Range Time, sec 10,555.51 1 10,552.28 3.23 
Altitude, km 332.19 328.75 | 3.44 
(nmi) ° (179.37) | (177.51) | (1.86) 
Space-Fixed Velocity, m/s 10,830.28] 10,835.05 ~4.77 
(ft/s)| (35,532.41) (35,548. 06) | (-15.65) 
Flight Path Angle, deg | 7.445 7.341 | 0.104 
Heading Angle, deg *- 67,162 67.125 0.037 
Eccentricity 0.97425] . 0.97497 |-0.00072 
C3* me@/s2 | | -1,556,426 | -1,513,4a7 | -42,9 
(ft2/s2) ~16 753,229) |(-16 290,597) | (-462 5622) 


Inclination, deg. 4 30.639 30.615 0.024 
{Descending Node, deg 38.988 38.946 0.042 — 





* C3 is twice as specific energy of orbit. 


C3. v2. 
Where: V = Inertial Velocity | 
uw =. Gravitational constant 
R= 


Radius vector from center of ath 


4-5 


265.72 
(871.78) 


266.69 
(874.97) 
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‘Table| 4-4. Comparison of Separation Events 


PARAMETER ACTUAL NOMINAL ACT-NOM 


S-IC/S-II SEPARATION 












Range Time, sec 


Altitude, km 
(n mi) 


Surface Range, km 
(n mi) 


Space-Fixed Velocity, m/s - 
ft/s) 


Flight Path Angle, deg 
Heading Angle, deg 


Cross Range, km 
(n mi) 


Cross Range Velocity, m/s 
(ft/s) 


Geedetic Latitude, deg N 
Longitude, deg E 









Range Time, sec 


Altitude, km 
(n mi) 


Surface Range, km 
‘Sen (n mi) 


Space-Fixed Velocity, m/s 


t/s) 
Flight Path Angle, deg 
Heading Angle, deg 


Cross Range, km 
" (nmi) 







Cross Range Velocity, m/s 
ft/s) 


Geodetic Latitude, deg N 
Longitude, deg E 


. 7 | S-IVB/SPACECRAFT SEPARATION . 


Range Time, sec 


Altitude, km 
n mi) 


Space-Fixed Velocity, m/s 
(ft 


Flight Path Ang¥e, ‘deg 
Heading Angle, deg . 
| Geodetic Latitude, deg N 
Longitude, deg £ | 


S-II/S-IVB SEPARATION 


/s) | 



















































154.47 152.07 2.40 
66.37 67.45 -1.08 
(35.84) (36.42) (-0.58) 
90.84 87.42 3.42 
(49.05) (47.20) (1.85) 
2721.9] 2709.66 12.25 
(8930.15) (8889.96) (40.19) 
20.605 21.720 -1.115 
75.384 75.410 0.026 
0.62 6.45 0.47 
(0.33) (0.08) (0.25) 
5.04 5.33 -0.29 
(16.53) (17.49) (-0.96) 

— 28.852 28.847 0.005 
-79.717 -79.751 0.034 






























524.90 521.99 

























191.61 192.99 

(103.46) (104.21) 
1509.67 1495.36 
(815.16) (807.43) 
6824.96 6814.89 
(22,391.60) | (22,358.56) 
0.636 0.404 
81.807 81.759 
23.24 23.13 
(12.55) (12.49) 
160.89 163.38 
(527.85) (536.02) 
31.728 31.707 

~65.334 -65.482 | - 0.148 










12,056.3 12,052.48 











7017.31 
(3789.04) 


7005.74 
(3782.80) 


7624.36 
(25,014.30) 












7617.07 
(24,990.40) 


45.076 45.051 















107.090 |. 107.077 
25.884 | 25.866 — 
~66.342 


-66.293. 
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RANGE TIME, SECONDS 
- Figure 4-1. Ascent Trajectory Position Comparison 


The simulation was based upon the separation impulses for both stages and 
nominal tumbling drag coefficients. No tracking data were available for 
verification. Table 4-2 presents a comparison of free-flight parameters 
to nominal at apex for the S-IC and S-II stages. Table 4-5 presents a 
comparison of free-flight parameters to nominal at impact for the S-IC 
and S-II stages. 28 as 


4.3.2 Parking Orbit Trajectory 


The acceleration due to venting during parking orbit is presented in 
Figure 4-6. These accelerations were obtained by differentiating the 
telemetered guidance velocity data and removing accelerometer biases and 
the effects of drag. | 


A family of values for the insertion Parameters was obtained depending 
_ upon the combination of data used and the weignts applied to the data. 
The solutions that were considered reasonable had a spread of about’. 
4500 meters (+1640 ft) in position components and +1.0 m/s (43.3. ft/s) | 
in velocity components. The actual and nominal parking orbit insertion 
Parameters are presented in Table 4-6. The ground track from -parking 
orbit insertion to S-IVB/spacecraft separation is given in Figure 4-7. 
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Figure 4-2. Ascent Trajectory Earth-Fixed Velocity Comparison 
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4.3.3 Injection Trajectory 


Comparisons between the actual and nominal total space-fixed velocity and 
flight path angle are shown in Figure 4-8. The actual and nominal total — 
inertial acceleration comparisons are presented in Figure 4-9. Throughout 
the injection phase of flight, the space-fixed velocity, flight path angles 
and total inertial acceleration were slightly less than nominal. 


The trajectory and targeting parameters. at S-IVB second cutoff and trans - 
lunar injection are presented in Tables 4-3 and 4-7, respectively. © 
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| Figure 4-3. Ascent Trajectory cae erunee Velocity Comparison 
4.3. 4 Post TLI Trajectory ; 
The post Translunar Injection (TLI) trajectory spans the time interval 
from TLI to S-IVB/spacecraft separation. The pose TLI trajectory was ob- 
tained by integrating the translunar injection conditions, derived from 


the injection trajectory solution, to S- IVB/spacecraft separation. A com- 
parison of S- IVB/spacecraft separation conditions is preselecd in Table 4- 4. 


4:3:5 S-IVB/IU Post Separation Trajectory re 


The S-IVB/IU was placed in a lunar slingshot trajector, close to nominal. coe 
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Figure 4-4. Ascent Trajectory Acceleration Comparison 


ane: and APS ullage burn. A time history of the longitudinal velocity 
increments of the slingshot maneuver is presented in Figure 4-10. Table 4-8 
presents the velocity increments compared with nominal. The purpose of this 
maneuver was to slow down the S-IVB/IU to make it pass by the trailing 

edge of the moon and obtain sufficient energy to continue to a solar orbit. 
Figure 4-11 presents the resultant conditions for various velocity increments 
at the attitude of the vehicle for the maneuver. The nominal and the 3o0 | 
band about the nominal are included. | 


The S-IVB/IU closest approach of 1262 kilometers (682 nmi) above the lunar _ 
surface occurred at 69.982 hours into the mission. This point was at . 

19.2 degrees north latitude and 88.0 degrees east longitude. The path Of .- 
the S-IVB/IU was inclined 44.56 degrees to the lunar equatorial plane. 

The trajectory parameters were obtained by integrating forward a vector 
which was obtained from CCS tracking data during the active lifetime of 

the S- IVB/IU. The actual and nominal conditions at closest approach are 
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presented in Table 4-9. The velocity of the S-IVB/IU relative to the earth 
is presented in Figure 4-12. This vividly illustrates how the influence 

of the moon imparted energy to the S-IVB/IU. Figure 4-13 presents the 
relative positions of the spacecraft and the S-IVB/IU in the vicinity of 
the moon. 


Some of the heliocentric orbit parameters of the S-IVB/IU are presented in 


Table 4-10. Similar paraiiehers for the earth's orbit are also presented 
_ for comparison. | 


— AeT] 


Table 4-5. Stage Impact Location 


PARAMETER ACTUAL NOMINAL ACT-NOM 


S-IC STAGE IMPACT 
| 540.4] 546.55 










Range Time, sec 

















654.61 
(353.46) 


662.95 
(357.96) 


7.08 
(3.82) 


30.223 


Surface Range, km 
(n mi) 














Cross Range, km 
(n mi) 






7.13 
(3.85) 


















30.204 
-74.109 


Geodetic Latitude, deg N 





-74 027 


7 S-IIT STAGE IMPACT 


17.98 


Longitude, deg E 





































Range Time, sec 1165.11 1147.13 
Surface Range, km 4159.43 4047.63 111.80 
: (n mi) (2245.91) (2185.55) (60.36) 
Cross Range, km 128.62 124.51 4.1] 
(n mi) (69.45) (67.23) (2.22) 
Geodetic Latitude, deg N 31.834 31.955 | -0.121 











Longitude, deg E -37.277 -38.453 1.176. 
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Figure 4-6. Acceleration Due to Venting 
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Figure 4-7. Ground Track 
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Table 4-6. Parking Orbit Insertion Conditions 


| —CTOLERANCES** =| 
PARAMETER ACTUAL NOMINAL ACT-NOM -3 SIGMA +3 SIGMA 


























Range Time, sec 694.98 693.99 0.99 ~11.61 +)3.96 
Space-Fixed Velocity, m/s 7792.84 7792.8 -0.01 -1.38 +1.38 
(ft/s) | (25,567.06) {(25,567. 6} (-0.03) (-4,53) (+4.53) 
Flight Path Angle, deg 0.0006 -0.0005 0.0011 -0.0159 | +0.0159 
Heading Angle, deg 88.5319 88.5247 0.0072 -0.3231 +0.3869 
Inclination, deg 32.509 32.503 0.006 -0.010 +0.010 
Descending Node, deg 42.415 42.397 0.018 -0.038 +0.038 
Eccentricity 0.00006 0.00005 | 0.00001 ~0.00032 +0.00032 
Apogee*, km 185.18 185.21 -0.03 ~1.5 +#1.5 
(n mi) (99.99) (100.01) } (-0.02) (-0.8) (+0.8) 
Perigee*, km 184.41 184.57 -0.16 -3.4 +345 
(n mi) (99.57) (99.66) | (-0.09) (-1,8) (+1.9) 
Period, min 88.19 88.19 0.0U 
Geodetic Latitude, deg N * 32.649 32.643 0.006 -0.018 +0.019 
Longitude, deg E -53.292 ~53.320 0.028 -0.554 +0.662 
Altitude, km 191.36 197.39 -0.03 -0.72. +0.72 
(n mi) ; (103.33) (103.34) | (-0.01) (-0.39) (+0.39) 





* Based on a spherical earth of radius 6378.165 km (3443.934 n mi). 
** These do not include evaluation inaccuracies. 


Table 4-7. Translunar Injection Conditions 


| PARAMETER ACTUAL NOMINAL . | ACT=NOM 


Range Time, seconds — 10,565.51 | 10,562.28 3.23 
Space-Fixed Velocity, m/s 10,822.05 10,827.28 |. -5.23 
(ft/s) | (35,505.41) | (35,522.57) | (-17.16) 
Altitude, km | «346.73 343.11 |= | 3.62 
(n mi) : (187.22) | (185.26) (1.96) 
Flight Path Angle, deg 7.897 7.794 | 0.103 
Heading Angle, deg | 67.494 67.456 | 0.038 
‘Eccentricity 0.97553 0.97636 | -0.00083 
C3, me/s2 «| -1,478,917| -1,429,286 | _-49,6 
(ft2/s2) ~ -15,918,930) |(-15,384,706)| (-534 308) 
Inclination, deg oP 30.636. 80.61] 0.025 
Descending Node, deg 38.983] 38.940 0.043 
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Figure 4-9, Injection Phase Acceleration Comparison 
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Injection Phase Space-Fixed Velocity Comparison 
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Table 4-8. Comparison of Slingshot Maneuver 


PARAMETER ACTUAL ‘NOMINAL TOLERANCES: 
3 


-3 SIGMA +3 SIGMA 
Velocity Increment, m/s 


(ft/s) 















Misc. (LHo and Guidance] 
Hardware Error), m/s _ _ 
(ft/s) 






LOX Dump, m/s 
(ft/s) 


APS Ullage Burn, m/s 
(ft/s) 






APS Ullage Burn Time 






Engine No. 1, sec 






Engine No. 2, sec 





Table 4-9. Lunar Closest Approach Parameters 
PARAMETER ACTUAL NOMINAL 


Lunar Radius of Closest 


Approach, km | 3000 
: (n mi) (1620) 
Altitude above Lunar | | 
Surface, . ee KM |. ~— 1262 
(n mi) (682) 
Time from Launch, hr —— 69.982 
Velocity Increase Relative 3 
to Earth from Lunar km/s | 1.46 


Influence, _(n mi/s) (0.79) 





Table 4-10. Heliocentric Orbit Parameters 


PARAMETER S-IVB/TU EARTH 


Semi-Major Axis, km 1.4284 x 108 1.4900 x 108 
(n mi) . 1 (0.7713 x 108) (0.8045 x 108) 


Aphelion, km 1.4774 x 108 1.5115 x 108 
(n mi) (0.7977 x 108) | (0.8161 x 108) 


Perihelion, km 1.3795 x 108 1.4684 x 108 
n mi) (0.7449 x 108) (0.7929 x 108) 


Inclination, deg 23.47 23.44 


Period, days 340.8 365.25 - 
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Figure 4-13. Projection of Spacecraft - S-IVB/IU Positions 


SECTION 5 
S-IC PROPULSION 


5.1 SUMMARY 


The S-IC propulsion system was equipped with a new subsystem to suppress 
oscillations similar to those experienced during the 110 to 140-second 
period of AS-502 Flight. This subsystem performea as expected. 


All S-IC propulsion systems performed satisfactorily. In general, all 
flight performance data, as determined from the propulsion reconstruction 
analysis, were close to the nominal predictions. At the 35 to 38-second 
time slice, average engine thrust reduced to standard pump inlet conditions 
was 0.73 percent lower than predicted. Average reduced specific impulse 
was 0.11 percent lower than predicted, and reduced propellant consumpticn 
rate was 0.67 percent less than predicted. 


Inboard engine cutoff, as indicated by engine No. 5 cutoff solenoid 
activation signal, occurred 0.03 second later than predicted. Outboard 
engine cutoff, as indicated by outboard engines No. 1, 2, 3, and 4 
cutoff solenoid activation signals occurred 2.42 seconds later than 
predicted. An outboard engine LOX low level cutoff was predicted, but a 
combination of propellant loading errors and, to a lesser extent, a fuel- 
rich mixture ratio resulted in a fuel low level initiated cutoff. The 
usable LOX residual at Outboard Engine Cutoff (OECO) was 3018 kilograms 
(6653 Ibm) compared to the usable zero predicted, and the usable fuel 
residual was zero compared to the usable 2419 kilograms (5333 1lbm) 
predicted. 


5.2 S-IC IGNITION TRANSIENT PERFORMANCE 


The fuel pump inlet preignition pressure and temperature were 30.3 N/cm@ 
(44.0 psia) and 272.6°K (31.0°F), respectively. These fuel pump inlet 
conditions were within the F-1 engine model specification limits (start 

- box requirements) as shown in Figure 5-1. The preignition temperature 
at the fuel pump inlet was considerably lower than the fuel bulk © 
temperature of 288°K (59°F) due to the cooling effect of the LOX in the 
Suction lines and engine. The LOX pump inlet preignition pressure and | 
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temperature were 56.9 N/cm@ (82.5 psia) and 96.2°K (-286.5°F), respectively. 
The LOX.pump inlet conditions were also within the F-1 engine mode] 
specification limits as shown in Figure 5-1. 


The engine startup sequence was normal. A 1-2-2 start was planned and 
attained. Engine position starting order was 5, 3-1, 2-4. Two engines 

are considered to start together if their combustion chamber pressures 
reach 69 N/cm@ (100 psig) within 100 milliseconds of each other. AT] 
engines started an average of 125 milliseconds slower than predicted. 
Figure 5-2 shows the thrust buildup of each engine, indicating the success- 
ful 1-2-2 start. The shift in thrust buildup near the 4,893,044 Newton 
(1,100,000 Ibf) thrust level on the outboard engines was caused primarily 
by a combination ingestion of Gaseous Oxygen (GOX) and helium from the LOX 
prevalves which are used as helium filled accumulators for POGO suppression. 
The thrust shift is absent on the inboard engine for which the P0GO 
Suppression system was rendered inoperative prior to flight. Major events 
during the engine startup sequence are listed in Table 5-1. The best 
estimate of propellants consumed between ignition and holddown arms 

release was 40,520 kilograms (89,332 lbm). These consumptions are more 
than the predicted consumption of 38,985 kilograms (85,949 lbm). The 
higher than predicted consumption during holddown resulted in best estimate 
liftoff propellant loads of 1,386,971 kilograms (3,057,349 lbm) for LOX 

and 605,355 kilograms (1,338,987 Ibm) for fuel. 


‘5.3 S-IC MAIN STAGE PERFORMANCE 


Two analytical techniques were employed in evaluating S-IC stage propulsion 
system performance. The primary method, propulsion reconstruction analysis, 
jutilized telemetered engine and stage data to compute longitudinal thrust, 
‘Specific impulse, and stage mass flowrate. In the second method, flight 
simulation, a six-degree-of-freedom trajectory simulation was utilized to 
fit propulsion and aerodynamic (drag and base pressure profiles) recon- 
struction analysis results to the trajectory. Using a differential 
correction procedure, this simulation determined adjustments to the recon- 
‘struction analysis of thrust and mass flow histories to yield a simulated 
‘trajectory which closely matched the observed postflight trajectory. 


S-IC stage propulsion performance, as determined by reconstruction, was 
completely satisfactory. Performance parameters and the nominal predic- 
tions are shown in Figure 5-3. All performance parameters were within the 
predicted values + 3 sigma ceviations. Average engine thrust, reduced to 
standard pump inlet conditions, at a 35 to 38-second time slice was 0.73 
percent lower than predicted, as shown in Table 5-2. Individual engine 
deviations from predicted thrust ranged from 1.44 percent lower (engine 
No. 4) to 0.39 percent lower (engine No. 3). Average reduced engine — 
specific impulse was 0.11 percent lower than predicted. Individual engine 
deviations from predicted specific impulse ranged from 0.18 percent lower 
(engine No. 4) to 0.07 percent lower (engines No. 2 and No. 3). 
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Table 5-1. S-IC Stage Engine Startup Event Times 


RANGE TIME, SECONDS 
ENGINE 5 
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Table 5-2. S-IC Engine Performance Deviations 


| VIATION | AVERAGE 
PARAMETER ENGINE | PREDICTED | RECONSTRUCTED Meee DEVIATION 
_ | PERCENT 
Thrust 
6787 (1526) 0. 


103 N (103 Ibe) 
6731 (1513) 


6816 (1532) 
6808 (1530) 















6752 (1518) 
6695 (1505) 
6788 (1526) 
6708 (1508) 
























6762 (1520) 66S0 (1504) 

Specific Impulse 2587 (263.8) | 2584 (263.5) 
N-s/kg 2580 (263.1) 2578 (262.9) 
(1bf-s/1bm) 2594 (264.5) 2592 (264.3) 

2592 (264.3) 2587 (263.8) 

2605 (265.6) 2601 (265.2) 

Total Flowrate 2624 (5785) 2613 (5761) 
2609 (5751) 2597 (5725) 







kg/s 
(1bm/s) 2628 (5794) 
2626 (5790) 


2596 (5724) 


2.239 
2.266 
2.278 
2.288 
2.274 


2619 (5774) 
2593 (5716) 
2572. (5671) 


2.227 
2.254 
2.265 
2.275 
2.262 












Mixture Ratio 
LOX/Fuel 











NPONM— OAPWNM—| APWPR—| OPWM — 






Note: Analysis was reduced to standard sea level conditions (standard pump 
inlet conditions) at liftoff plus 35 to 38 seconds. 


From a clustered engine performance analysis (flight simulation), utilizing 
the results of the propulsion reconstruction and reduced to sea level 

ambient pressure, the stage average longitudinal thrust for the flight was _ 
1.36 percent lower than predicted and the stage average longitudinal specific 
impulse was 0.04 percent higher than predicted. Table 5-3 presents a 

summary of the flight simulation results, reduced to sea level ambient 
pressure conditions, of the average values and deviations for longitudinal 
thrust, propellant fiowrate, and vehicle longitudinal specific impulse. 


5.4 S-IC ENGINE SHUTDOWN TRANSIENT PERFORMANCE 


In response to the Inboard Engine Cutoff (IECO) command From the IU at 125.93 
seconds, the inboard engine shut down at 125.95 seconds as indicated by the 
engine cutoff solenoid activation signal. The outboard engines shut down at 
153.79 seconds as indicated by engines No. 1, 2, 3, and 4 solenoid 

activation signals. This was 2.42 seconds later than predicted. These 
events were sensed by the Launch Vehicle Digital Computer (LVDC) at 

153.82 seconds (OECO, start of Time Base 3 tt31) which was 2.45 seconds — 
later than the predicted time of 151.37 seconds. The late OECO was caused 

by fuel density, thrust, specific impulse, mixture ratio, and propellant 
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Table 5-3. Comparison of S-IC Stage Flight Reconstruction Gata 
With Trajectory Simulation Results 























TRECONSTRUCTION SIMULATION 
PARAMETERS UNITS PR DEVIATION FLIGHT DEVIATION 
EDICTED RECONSTRUCTION FROM SIMULATION FROM 
| PREDICTED PREDICTED 
N 






34,794,249 
(7,822,058) 


34,371,122 
(7,726 ,936) 


34,322,108 
(7,715,917) 


Average * 
longitudinal thrust 




































Vehicle mass at hold- 
down arm release 


2,782,424 
(6,134,195) 


2,781 ,694 


2,779,469 
(6,127,680) 























13,403.26 
(29,549.13) 


13,213.19 
(29,130.10) 


2601.3 
(265.26) ° 


13,216.14 
(29,136.60) 


Average mass 
loss rate 














Average * 
Specific impulse 















s/1bm) 


*Parameters reduced to sea level ambient pressure. 


loading deviations. Figure 5-4 shows the relative contribution of each 
influencing parameter to the cutoff deviation. The combined effects of 
a slightly LOX-rich loading mixture ratio and, to a lesser extent, a 
fuel-rich propellant consumption mixture ratio resulted in a fuel low 
level cutoff of the outboard engines rather than the more probable LOX 
low level cutoff mode (see paragraph 5.5). 


Thrust decay of the F-1 engines is shown in Figure 5-5. The decay transient 
was normal. The oscillations which occur near the end of "tailoff" are 
characteristic of the engine shutdown sequence. 


The total stage impulse from OECO to separation was indicated by engine 
analysis to be less than predicted. Telemetered guidance data also 
indicated that the cutoff impulse was lower than expected, as shown in 
Table 5-4. These deviations are within the acceptable range. 


9.5 S-IC STAGE PROPELLANT MANAGEMENT 


The reconstructed propellant loads were 2297 kilograms (5063 Ibm) greater 
than Kennedy Space Center (KSC) indicated loads at ignition (corresponding 

to the actual density at ignition) for LOX and 1095 kilograms (2415 Ibm) 

less for fuel. This loading increased the probability of a fuel low level 
cutoff from a nominal 11 percent to approximately 44 percent. A summary of 
the propellants remaining at major event times is presented in Table 5-5 

and the residuals are presented in Tabie 5-6. The predicted masses in 

Table 5-5 are based on nominal LOX and fuel densities. The nominal fuel tem- 
perature was 294°K (70°F) and the actual temperature was 288°K (59°F), 


5.6 S-IC PRESSURIZATION SYSTEMS 
9.6.1 S-IC Fuel Pressurization System 


The helium pressurization system satisfactorily maintained the required 
ullage pressure in the fuel tank during the flight. Helium Flow Control ~ 
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155.68 


TOTAL 


PROPELLANT 
LOADING 


MIXTURE 
RATIO 


FUEL 


DENSITY 
THRUST AND 


PERCENT 
100 


12.6 


6.5 


61.0 


19.9 


SPECIFIC IMPULSE 


* ACTIVATION OF ENGINE SOLENOID VALVES 


ENGINE THRUST, 10°1bf 


Valves (HFCV) No. 1 through 4 opened as programmed and the fifth flow 
control valve was required only once, between 47.11 seconds and 50.79 
seconds. 


In Section 2, Table 2-3, Sequence of Switch Selector Events, these valves 
are designated "Fuel Pressurizing Valves". The heat exchangers performed 
as expected. 


The low flow prepressurization system was commanded on at -96.99 seconds 
and performed satisfactorily. Tne Ground Support Equipment (GSE) fuel 
high flow prepressurization supply valve was commanded open at -4.09 
seconds and maintained the ullage pressure within the required band. 


Table 2-4. S-IC Cutoff Impulse 


PERCENT DEVIATION 
FLIGHT FROM PREDICTED 
ENGINE GUID. DATA ENGINE “GUID. DATA 


10,324,091 10,365 ,326 
(2,320,948) (2,336,218) 



















__ PARAMETER PREDICTED 


















10,382,145 


Cutoff N-s 
(2,334,000) 


Impulse (1bf-s) 

















10.13 
(33:25) 


10.66 


Velocity m/s 
(34.97) 


Increase (ft/s) 





Note: The parameters quoted are for the time pericd beginning at OECO and ending at 


separation signal. 


Table 5-5. S-IC Stage Propellant Mass History 


LEVEL SENSOR 


8) 
je 


Ignition . kg 1,420,593 612,98¢| 1,418,853 615,813  1,418,86 615,812 1,418,853 615,813 
Command (ibm) |(3,131,873) (1,351,395) |(3, 128,034) | (1,357,634) (3,128,050)| (1,357,634)| (3,128,034)| (1,357,634) 


Holddown kg 1,390,120 604,470 1,386 791 | 607,35 
1 

























Arm Release (ibm) |(3,064,690) |(1,332,629) |(3,057,349) (1,338,987 


211,823 228,735 
(466,990) (504,276) 






1,385,778 . 606,873 1,386,791) 607,355 
} (3,655,718); (1,337,927)| (3,057,349)| (1,338,987) 
| | ) 
97,276 2 
(214,456) 


102,3 226 ,223 102 ,550 228,735 102,315 
(225,566}} (498,737) (226 ,084) (504,276)| (225,566) 
~“ ; 


11,861 















17,656| - 14,220 20,894 12,07 21,448 «20,894 12,073 

(38,924) | (31,350); (46,065)|  (26,616)}  (47,284)) (26,149) (46,065)! (26,676) 
Separation kg 15,462) 13,116: 18,578 10,944 7 AG 18,578 10,946) 
(1b (34,087) |. (28,917)| (40,953) (24,132) ee (40,958)}  {24,132)|-- 





Note: Values do not. intlude pressurization gas (GOX} so they will compare with. level sensor data. 4 
* Based cn LOX density of 1137.3 kg/m? (71.0 Ibm/ft3) and fuel density of 802.5 kg/m? (50.1 Ibm/ft*). +2 
** Based on LOX density of 1138.2 kg/m3 (71.06 1bm/ft3) and fuel density of 808.0 kg/m3 (50.445 lbm/ft-). 
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Table 5-6. S-IC Residuals at Outboard Engine Cutoff 


PROPELLANTS | PREDICTED ACTUAL DEVIATION | 


LOX RESIDUALS* 


Usable Mainstage kg 
(1bm) 


Thrust Decay and kg 
Unusable (1bm) 
Usable Mainstage 


Thrust Decay and 12,073 
Unusable 26,616 


Does not include GOX pressurization gas. 
Fuel bias. : 





At 0.70 seconds the No. 1 HFCV of the onboard pressurization system was 
opened. HFCV's No. 2, 3, and 4 were. commanded open by the switch selector 
within acceptable times as shown in Table 2-3. These flows held the 
ullage and pump inlet pressures within the Operating limits. as shown in 
Figures 5-6 and 5-7. Helium bottle pressure, as shown in Figure 5-5, . 
stayed within expected limits. | | 


9.6.2 S-IC LOX Pressurization System 


The LOX pressurization system performed satisfactorily, and all performance 
requirements were met. The ground prepressurization system maintained 
ullage pressure within acceptable limits until launch commit. The onboard 
pressurization system subsequently maintained ullage pressure within the 
GOX Flow Control Valve (GFCV) band during the flight. The heat exchangers 
performed as expected. | | 


The prepressurization system was initiated by opening of the ground supply | 
valve at -67.94 seconds. The ullage pressure increased until it entered 


FUEL TANK ULLAGE PRESSURE, N/CM2 


W HFCV NO. 5 CLOSED, 50.79 
V HFCV NO. 5 OPEN, 47.11 HFCV NO. 3 OPEN, 95.94 
W HFCV NO. 2 OPEN, 50.12 HFCV NO. 4 OPEN, 124.12 
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{29.7 TO 31.5 psia) 


| PREPRESS SWITCH 
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(27.5 TO 29.0 psia) 
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Figure 5-6. S-IC Fuel Ullage Pressure 
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Figure 5-7. S-IC Fuel Pump Inlet Pressure Engine No. 1 
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Figure 5-8. S-IC Helium Bottle Pressure for Fuel Pressurization 


the switch band zone which terminated the flow at approximately -59.51 
seconds. The ullage pressure increased approximately 1.24 N/giné (1.80 
psid) above the prepressurization switch setting to 19.5 N/cm* (28.3 psia). 
This overshoot is similar to that seen on AS-501 and AS-502. 


The LOX tank ullage pressure history is shown in Figure 5-9. During flight, 
the ullage pressure was maintained within required limits by the GFCV and 
followed the anticipated trend. : | 


The maximum GOX flowrate was 24.7 kg/s (54.5 Ibm/s). After IECO, the GOX 
Flow requirements for the remaining four engines increased until OECO. 


requirements as shown in Figure 5-10. This figure is for engine No. 1, 
but is typical of the four outboard engines. Engine No. 5 LOX pump inlet 
pressure decayed unexpectedly after IECO. This pressure is shown in 
Figure 5-11 along with the preflight predictions and pump requirements. 
Analysis of the problem has shown that the most probable cause of this 
pressure decay is a LOX leak of approximately 98 cm3/s (6 in.3/s) somewhere 
below the LOX prevalve. ~~ font ae | Ce ar Bat oe 


The LOX pump inlet pressure met the Net Positive Suction Pressure (NPSP) 


VENT MECHANICAL RELIEF BAND 
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LOX TANK ULLAGE PRESSURE, N/cm2 
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Figure 5-9. S-IC LOX Tank Ullage Pressure : 


Sed: S-1C PNEUMATIC CONTROL PRESSURE SYSTEM 


The pneumatic control pressure s 
flight. The pneumatic control 


(751 psia) at liftoff and decreased to 511 N/cm2 


ystem performed satisfactorily during S-IC 


regulator outlet pressure was 518 N/cm2 


(741 psia) at 120 seconds. 


There were two slight dips in outlet pressure at IECO and at OECO as the 


control pressure system actuated the 
instrumented prevalves indicated clos 


prevalves after engine cutoff. All 
ed positions. 


The control sphere pressure was 2055 N/cmé (2981 psia) at liftoff and 
remained steady unti’ IECO when it decreased to 1974 N/cm@ (2863 psia) due 
to inboaru engine bevalve actuation. oc os 


There was a further decrease to 1718 N/em2 (2492 psia) after OECO. As 
sphere pressure after OECO 
experienced on the AS-502 flight did not recur. ‘% fe 


shown in Figure 5-12, the rapid decay of 


5.8 S-IC PURGE SYSTEM 


The turbopump LOX seal, Gas Generator (GG) 
calorimeter purge systems performed satisfa 


) 


actuator housing, and radiation 


ctorily during S-IC flight. The 


' LOX dome and GG LOX injector purge system also met all requirements. 
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Figure 5-10. S-IC LOX Suction Duct Pressure, Engine No, 1 
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Figure 5-12. S-IC Control Sphere Pressure _ 


5.9 POGO SUPPRESSION SYSTEM 


The POGO suppression system. supplies helium gas to the four outboard LOx 

‘ prevalve cavities. The helium is obtained from the onboard fuel pres- 
surization system. Four resistance thermometers in each prevalve determine 
the presence of gas or liquid in the prevalve cavity at each measurement 
location. A schematic of the system is shown in Figure 5-13. 


The POGO suppression system performed satisfactorily prior to and during 
S-IC flight. The system was initially turned on approximately 26 minutes 
prior to launch to be sure the prevalves would fill with helium. Redline. 
measurements indicated that the four outboard lines filled as scheduled. 
The pressure measurement downstream of the solenoid valves indicated that 
flow was properly established in the system. Eleven minutes prior to 
launch, the system was turned on again and flow was established. The 
temperature measurements did not charge since the system still contained | 
helium from the earlier initiation. The four resistance thermometers | 
performed as expected during flight. In the outboard lines, the three . 
upper measurements went cold momentarily at liftoff indicating that the 
LOX level shifted on the probes. The probes remained warm throughout 
flight, indicating helium in the prevalves. Figure 5-14 shows a plot of 
liquid level in the prevalve. At cutoff, the increased pressure forced 
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Figure 5-13. S-IC POGO Suppression System 
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LOX into prevalves. The fourth resistance thermometer, at the lip of the 
valve cavity, was cold throughout Flight. 


9.10 S-IC CAMERA PURGE AND EJECTION SYSTEM 


Although only one of the four film cameras was recovered, there is good 
evidence that there was adequate pneumatic pressure to eject them all. 


Frame rate measurements for the two separation cameras went to zero at 
approximately 180 seconds. This indicates sufficient pressure in both of 
the eject lines to shear the restraining pins and provide motion of the 


cameras within the ejection tubes thus disconnecting the electrical plugs. 


The No. 2 LOX tank camera was recovered. For a discussion of the film 
recovered from this camera see paragraph 19.6. Both LOX tank camera - 
frame rate measurements went to zero at 79 seconds. Because Of this, it 
was not possible to determine if the No. 1 LOX tank camera moved in its 
canister at eject signal. The camera cover ejection signal was given 

at 160 seconds, but there is no way to ascertain that the covers opened. 


Camera eject signal occurred at 179.5 seconds. Separation camera purge 
was initiated on at 145.2 seconds and turned off at 154.8 seconds. The 
purge and eject sphere pressure was 2079 N/cm@ (3015 psia) prior to 
liftoff. The calculated pressure at eject signal was 1633 N/cm@ (2369. 
psia). This is more than the 762 N/cm2 (1105 psia) required to eject all 
cameras. AS-503 is the last flight to have these cameras. 
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SECTION 6 
S-IT PROPULSION 


6.1 SUMMARY 


The S-II propulsion system performed satisfactorily during the entire 
flight. Engine thrust, as determined by computer analysis of telemetered 
propulsion measurements at 61 seconds after Engine Start Command (ESC), 
was 0.04 percent above prediction. Total engine propellant flowrate was 
0.38 percent above and specific impulse 0.34 percent below predictions at 
this time slice. Average engine mixture ratio was 0.69 percent above 
predicted. a 


Engine No. 4 evidenced a change in performance level at approximately 200 
. seconds after S-II ESC of approximately -6672 Newtons (-1500 Ibf) thrust. 
At this time the exact nature of this shift has not been determined but 
is receiving additional investigation. 


Engine No. 5 experienced a thrust level decrease of about 27,050 Newtons 
(6081 Ibf) and propellant mixture ratio change of -0.1 units coincident 
with the onset of the high amplitude 18 hertz oscillations (discussion of 
the i8 hertz oscillation problem is contained in Section 6A). Beginning 
at 450 seconds engine No. 5 thrust chamber pressure began. oscillating at 
18 hertz. At 478 seconds the apparent amplitude of the oscillations was 
about 48.3 N/cm2 (70 psi) peak-to-peak. The oscillations dampened out 
about 4 seconds prior to S-II Engine Cutoff (ECO). Oscillations of this 
Same frequency were also evident in LOX pump discharge pressure along 
with several other engine No. 5 parameters. 


Although the results of the evaluation are not conclusive; it appears that : 
the oscillations were induced by the LOX pumps and possibly amplified by | F 
the center engine support structure. Self-induced LOX pump oscillations 
may be related to the low Engine Mixture Ratio (EMR) and low Net Positive | ue 
» Suction Pressure (NPSP) existing during this time period, although the f 
NPSP is considerably above the level at which self driven oscillations ree oe 
are normally produced. Engine and pump tests to investigate this | i 
possibility are being conducted at the engine manufacturer's test facility eis 
and at Huntsville. A recommendation to increase LOX tank ullage pressure 
for the latter portion of the S-II burn by commanding the LOX regulator 
Full open at S-II ESC + 98.6 seconds is being implemented for AS-504.. 


The propellant management system met all performance requirements. System 
operation differed from previous flights since EMR control was open-loop 
versus closed-loop on AS-501 and AS-502. The EMR step from high to low 
EMR occurred at 443.45 seconds as commanded by the Instrument Unit (IU). 
Engine cutoff, as sensed by the Launch Vehicle Digital Computer (LVDC), 
was at 524.04 seconds, with a burn tine only 0.42 second longer than pre- 
dicted. Cutoff was initiated by the LOX low level cutoff sensors located 
in the LOX tank sump. Residual propellants remaining in the tanks at S-II 
ECO signal were 3505 kilograms (7727 lbm) compared to a prediction of 3866 
kilograms (8524 1lbm).- 


The performance of the LOX and LHo tank pressurization systems were satis- 
factory. AS-503 was the first flight using the dual sensing gage LH» 

vent valves. Ullage pressure in both tanks was more than adequate to 
meet enqine inlet NPSP requirements throughout mainstage. As on the two 
previous flights LOX ullage pressure dropped below the regulator band. 
This was expected as a result of operating at the low EMR used for this 
flight. The ullage pressure drop occurred earlier, however, than expected 
due to LOX surface agitation and subsequent ullage gas condensation caused 
by the 18 hertz oscillation. 


6.2 S-II CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE 


The prelaunch servicing operations satisfactorily accomplished the engine 
conditioning requirements. Thrust chamber temperatures were within 
predicted limits both at launch and S-II engine start as shown in Figure 
6-1. Chamber temperatures increased during S-IC boost at rates from 9.8 
to 11.8°K/min (17.7 to 21.2°F/min), which agrees closely with those 
experienced on previous flights. Engine No. 4 thrust chamber jacket 
temperature transducer indicated about 11°K (20°F) warmer than the other 
Four engines due to poor thermal contact between the transducer and its 
mounting on the chamber jacket. This condition also occurred on one engine 
of AS-501 flight and several static firings and is of no consequence to 
normal system operation. | | 


Both temperature and pressure conditions of the J-2 engine start tanks 
were within the required prelaunch and engine start boxes as shown in 
Figure 6-2. Start tank temperatures at the conclusion of chilidown 

ranged from 89 to 95°K (-300 to -288°F) and were nearly identical to AS-501 
results. Start tank pressures at completion of the pressurizing operation 
were lower than those for AS-501 as a result of adjusting the ground 
supply regulator setting from 831 N/cm2 (1205 psia) to 810 N/em@ (1175 
psia). This lower pressurization level accomplished the desired effect 
of increasing start’ tank temperatures at end of pressurization over those 
obtained for AS-501. Start tank temperatures at engine start were 4.2°K 
(7.5°F) warmer than on the AS-501 flight. The ground supply regulator 
had the lower setting on AS-502, but the planned temperature increase 

was offset by a lower than predicted start tank chilldown caused by a 
Ground Support Equipment (GSE) heat exchanger malfunction. ay Rees 
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Figure 6-1. S-II Thrust Chamber Jacket Temperature 


Except for engine No. 3, the start tank warmup rates during both prelaunch 
and S-IC boost were in good agreement with those for AS-501. Engine No. 

3 start tank pressure rise rate was about 35 percent less than the others, 
indicating that relief valve operation was occurring on this tank. 


All engine helium tank pressures were within the redline limit of 1931 to 
2379 N/cm@ (2800 to 3450 psia) established for prelaunch pressurization. 
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Figure 6-2. S-II Engine Start Tank Performance 


Helium tank prelaunch pressure levels were higher than for AS-502 due to 
a change of the regulator setting in the GSE pneumatic servicing system. 
This regulator setting was increased approximately 138 N/cm@ (200 psi) to 
insure meeting the minimum pressure redline of the helium injection bottle. 
The helium injection system was reorificed to provide a higher flow rate 
to the LOX recirculation lines (see paragraph 6.8}. The initial high 
pressurization levels in conjunction with a pressure increase due to 
warmup during prelaunch and S-IC boost, resulted in helium tank pressures 
being near the upper limit of 2379 N/cm2 (3450 psia) at ESC. Engine No. 
2 helium tank pressure exceeded this value by 28 N/emé (40 psi). This 
high pressure did-not adversely affect flight operations. 


The LOX and LH» recirculation systems used to chill the feed ducts, 
turbopumps , and other engine components performed satisfactorily. Pump 
inlet temperatures and pressures at engine start were well within the 
predicted as shown in Figure 6-3. 


Performance of the LOX recirculation system was considerably improved 

over that experienced on AS-502. The helium injection system that 

supplements natural convective LOX recirculation was modified for AS-503 

and subsequent stages to improve recirculation system performance (see para- 

- graph 6.8). LOX recirculation system performance evinced during the AS-503 
Countdown Demonstration Test (CDDT) led to a revision of the LOX pump discharge 
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temperature redline limit from 97.6°K (-284.0°F) to 98.7°K (-282.0°F) 
maximum at -22 seconds. Changes instituted on AS-503 and subsequent 
vehicles also upgraded the LH» recirculation system performance. Improved 
vacuum line maintenance procedures, lower vacuum levels, and new design 
evacuation valves reduced heat leaks into the system and resulted in 
improved LH> pump inlet temperatures. 


S-II ESC was issued by the LVDC at 155.19 seconds, and the Start Tank 
Discharge Valve (STDV) solenoid activation signal occurred 1.0 second 
later. Major engine start event times are summarized in Table 6-1. The 
thrust buildup profile of each J-2 engine is shown in Figure 6-4. All 
engines performed within the required thrust buildup envelope. S-II 
mainstage, average time for engines to reach 90 percent thrust, occurred 
at 158.47 seconds, 3.28 seconds after ESC. The engine thrust levels were 
between 864,289 and 908,772 Newtons (194,300 and 204,300 1D prior to 
"HIGH EMR" command at 160. 67 seconds. 


6.3 S-II MAIN STAGE PERFORMANCE 


Two analytical techniques were used to evaluate the S-II stage propulsion 
system performance. The primary method, propulsion reconstruction analysis, 
used telemetered engine and stage data to calculate longitudinal thrust, 
stage mass flowrate and specific impulse. The second method used was 
trajectory simulation which adjusted the propulsion reconstruction data 
using a differential correction procedure. This six-degrees-of-freedom 
trajectory simulation determined adjustments to thrust and mass flow 
histories to yield a simulated trajectory which closely matched the 

observed postflight trajectory. | 


Table 6-1. S-II ae Start Sequence Events — 


TIME OF EVENT IN RANGE TIME (SECONDS) 


Engine Start Command | 155.19 | 


Start Tank Discharge | 156.19 
Solenoid . 


Mainstage Control 156.63 5.63 | 156.63 | 156.65 156. ae 
Solenoid | - Seay | : : 


Main LOX Valve Open | 158.90 
Mainstage OK | J 157,94 


90 Percent Thrusc | 158.64 
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S-II stage performance during the high EMR portion of the flight was very 
close to predicted as shown in Figure 6-5. At a time slice of ESC +61 


seconds the tota 


1 vehicle thrust was 5,086,888 Newtons (1,143,578 Ibf), 


which is only 1890 Newtons (425 1bf) or 0.04 percent above the final 


preflight predic 
(423.7 lbf-s/ibm 


tion. Average engine specific impulse was 4155.0 N-s/kg 


), or 0.34 percent below the predicted level. — | 
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Propellant flowrate to the engines was 1224.3 kg/s (2699.2 Ibm/s) which is 
0.38 percent above prediction, and the propellant mixture ratio was 5.56 
to 1 or 0.69 percent in excess of prediction. 


The high to low EMR step command was initiated by the IU at 443.45 seconds, 
and the Propellant Utilization (PU) valves started shifting to the open 
position at 445 seconds. Actual EMR shift, as determined by engine 

thrust chamber pressures, occurred at 445.60 seconds. This action reduced 
the total vehicle thrust to 3,877,101 Newtons (871,607 Ibf) a change of 
1,209,777 Newtons (271,969 Ibf). Throughout the low mixture ratio portion 
of the flight the vehicle thrust was 74,654 Newtons (16,783 1bf) below 

the final flight prediction. An additional thrust loss of 27,050 Newtons 
(6081 Ibf) is associated with the performance decrease of the center engine 
during the oscillation period (see Section 6A). The relatively large 
deviations, shown in Figure 6-5, between actual and predicted performance 
levels during low mixture ratio operation are considered to be the result 
of inaccurate predictions. Deviations between predicted and actual 
performance at low engine mixture ratios has been a problem on previous 
S-II flights. The S-II stage performance during the AS-503 flight is in 
good agreement with the S-II-6 vehicle performance during stage acceptance 
static testing. These are the only current examples of the 5.5 to 4.5 
engine propellant mixture ratio excursion. 


Individual J-2 engine data is presented in Table 6-2 for the ESC + 61- 
second time point. Very good correlation between prediction and flight 
is evidenced by the generally low magnitude of the deviations. Flight 
data reconstruction procedures were directed toward matching the engine 
and stage acceptance specific impulse values while maintaining the engine 
flow and pump speed data as a baseline. ‘ 


Predicted average performance characteristics of the S-I] Stage propulsion 
system are compared in Table 6-3 with data obtained from the propulsion 
reconstruction and the trajectory simulation analyses. Results of the 
trajectory simulation analysis indicate that the total average thrust and 
mass flowrate were 0.63 percent and 0.41 percent above predicted values. 
Deviations of the simulated trajectory from the postflight observed 
trajectory were very small. Maximum variation in velocity and acceleration 
were 1.1 m/s (3.6 ft/s) and 0.17 m/s@ (0.56 ft/s@). o 


Data presented in Table 6-2 is actual flight data and has not been corrected 
to standard J-2 engine conditions. Data that has been corrected to standard 
J-2 engine conditions, through use of a computer program, shows that 

engine No. 1 thrust increased approximately 6672 Newtons (1500 1bf) over the ~ 
stage acceptance levels and engine No. 3 decreased approximately 4448 Newtons 
(1000 Ibf). These magnitudes were maintained throughout the S-II burn and 


are considered normal test-to-test variations. 
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_ Table 6-2. S-II Engine Performance Deviations (ESC + 61 Seconds) 
















AVERAGE PERCENT 
DEVIATION 
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PREDICTED RECONSTRUCTION PERCENT 
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1,021,276 (229,592) 
1,010,858 (227,250) 
1,000,908 (225,013) 
1,020,102 (229,328) 
1,033,744 (232,395) 


011,494 :(227 393) 
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Table 6-3. S-II Flight Reconstruction Comparison With Simulation Trajectory Match Results 
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Several additional engine performance shifts of the in-run type were also 
observed during the S-II flight. Engine No. 1 exhibited approximately 30 
Gas Generator 760) system resistance shifts varying in magnitude from 3.4 
to 6.9 N/cm@ (5 to 10 psia) in main thrust chamber pressure. These were 
dispersed throughout the S-II operation. Gas generator shifts of this type 
are common to J-2 engine operation and are not considered to be detrimental 
to engine or stage performance. 


Engine No. 4 evidenced a change in performance level at approximately 200 
seconds after ESC of approximately -6672 Newtons (-1500 1bf) thrust and 
-0.03 mixture ratio unit. This is being investigated as a possible change 
in the fuel pump primary seal and/or turbine seal leakage rate. An 
additional factor being examined is the possibility of charges in the fuel 
pump balance piston flowrate. At this time the exact nature of this per- 
formance shift has not been determined. 


Engine No. 5 experienced a thrust level decrease of about 27,050 Newtons 
(6081 1lbf) and propellant mixture ratio change of -0.1 units coincident 
with the onset of the high amplitude 18 hertz oscillations (see Section 6A). 
Beginning at 450 seconds, engine No. 5 thrust chamber pressure began 
osciliating at 18 hertz with an apparent amplitude of about 10.3 N/om@ 
(15 psi) peak-to-peak. At 478 seconds, apparent amplitude of these 
oscillations increased from this value to approximately 48.3 N/cm2 (70 psi) 
peak-to-peak. The oscillations then dampened out 4 seconds prior to S-II 
ECO. Oscillations of this same frequency were also evident in the LOX 
pump discharge pressure along with other engine No. 5 parameters (Figures 
6-6 and 6-7). The LOX pump inlet pressure measurement frequency response 
(recorded at 12 sps) was inadequate to conclusively verify an 18 hertz 
component. It appears that the oscillations are induced by the LOX pump 
and possibly amplified by the center engine support structure. Self- 
induced LOX pump oscillations may be related to the low EMR and low NPSP 
existing during this time period, although the NPSP is considerably above 
the level at which self driven oscillations are normally produced. A 
configuration difference between S-II-3 and preceeding S-II flight stages 
was the removal of the radial tank baffles and upper screens from the LOX 
tank. At this time, it is not known whether the configuration change 
influenced the occurrence of the 18 hertz oscillations. 


The 18 hertz oscillations, as indicated by engine No. 5 data, are considered 
realistic from a frequency standpoint. However, the amplitudes at 18 

hertz indicated by the LOX feed system parameters and the main chamber 
pressure are questionabie since they are affected by the geometry and 
conditions existing at the transducer taps and/or in the pressure trans- 
mission lines. It has been determined that the center engine LOX pump 

inlet pressure measurement (static level) is affected by disturbance from 
the pump during oscillations. ea ee aoe, | 
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Figure 6-6. Engine No. 5 Pressure Parameter After EMR Step 


Reviews of previous flight and static firing data (including Battleship) 
indicate the presence of 18 hertz oscillations but at low amplitudes. 
AS-503 apparent amplitudes were considerably greater than those of previous 
operations. : 


Two potential corrective actions for AS-504 are as follows: 
a. Change the engine mixture ratio. 
~b. Increase LOX NPSP. 


In effect these changes are being accomplished. AS-504 will operate with 

a closed loop PU system which will provide a higher EMR (4.7) during the 
latter part of flight as compared to the AS-503 EMR of 4.3. The higher 
mixture ratio will preclude the LOX ullage pressure and NPSP decay that 

’ occurred on AS-503. A further increase in LOX NPSP is being implemented 
for AS-504 by step pressurization (refer to paragraph 6.6.2). A comparison 
of LOX NPSP for all S-II flight stages is shown on Figure 6-8. The most 
significant 18 hertz oscillations are shown to have occurred in the low 


pemantrrygeegoed mentite rvantemaad otc nomecns ta: tno maapet peoitae yess aeaecmny oe 8 ae Pooe cospsmester meg Steg ene teers an, Sopra veer ce ee pa at 


SAMPLE RATE: 10 SPS 


ENGINE INLET PRESSURE, N/cmé 
ENGINE INLET PRESSURE, PSIA 


NOTE: HASH IS DATA ENVELOPE, SOLID LINE 
IS PREDICTED PRESSURE BASED ON 
ULLAGE PRESSURE AND FLOW DATA 





460 480 500 520 
RANGE TIME, SECONDS 
Figure 6-7. Engine No. 5 LOX Inlet Pressure 


EMR portion of flight where NPSP is dropping and is in the range of 
approximately 17.2 to 17.9 N/em2 (25 to 26 psi). Operating at higher LOX 
pump NPSP levels, such as occurs during the first portion of flight, has 
not resulted in significant amplitudes at 18 hertz frequencies. 


To understand better the engine interaction with the variables of NPSP 
and mixture ratio, Rocketdyne is conducting a single engine test program 
with J-2 engine J025. The program will determine whether the J-2 engine 
generates and/or amplifies disturbances in the 18 hertz frequency range 
at various mixture ratios and LOX pump NPSP levels. Results of the test 
program wili.be used to determine critical NPSP and/or engine mixture 
eatios (if any). 
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Figure 6-8. LOX NPSP History 


During AS-502 flight, failure of an Augmented Spark Igniter (ASI) fuel 
line resulted in premature shutdown of S-II engine No. 2. Engine No. 3 
was lost also when its LOX prevalve was inadvertently closed by the shut- 
down of engine No. 2. Consequently, redesigned configurations for both 
the fuel and LOX ASI supply lines were incorporated for AS-503 and subse- 
quent vehicles. The redesigned fuel and LOX ASI line configurations are 
Shown in Section 7, Figure 7-8 and 7-9, respectively. Postflight data 
analysis indicates that the AS-503 ASI systems performed satisfactorily. 
The ASI supply line and thrust chamber temperatures were normal, and ASI 
line vibrations were generally as expected. 


6.4 S-IT STAGE SHUTDOWN TRANS TENT PERFORMANCE 


S-II engine shutdown sequence was initiated by stage LOX low level sensors; 
at 524.02 seconds, and 0.02 second later (524.04 seconds) the LVDC sensed’ 
ECO and started Time Base 4 (Tq). At the time of cutoff, all J-2 engines 
were operating at the extreme low mixture ratio level and individual 
thrusts ranged from a high of 795,756 Newtons (178,893 Ibf) to a low of 


752,074 Newtons (169,073 Ibf). Thrust decay transients of the four outboard 


engines were completely nominal. The center engine, however, exhibited an 
extended period of thrust below the 10 percent level. This resulted in 
the 5 percent stage thrust level occurring 0.60 second after cutoff 

signal in contrast to a value of 0.41 second for AS-501 flight. Figure! 
6-9 presents the individual engine cutoff transients. | 
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The total stage thrust at ECO was 3,849,189 Newtons (865,332 Ibf). The 
stage thrust decay is presented in Figure 6-10. Vehicle cutoff impulse 
through the 5 percent stage thrust level is estimated to be 760,646 N-s 
(171,000 Ibf-s). For the period from cutoff until S-II/S-IVB separation 
at 524.90 seconds, a total cutoff impulse of 813,491 N-s (182,880 1bf-s) 
is indicated which corresponds to an equivalent velocity change of 3.8 
m/s (12.5 ft/s). Guidance data indicates the velocity increment for this 
time period to be 3.44 m/s (11.29 ft/s). Comparisons of flight and 
predicted values of cutoff impulse and velocity change are shown in 

Table 6-4. 


6.5 S-IIT STAGE PROPELLANT MANAGEMENT 


The propellant management system performed satisfactorily during the 
propellant loading operation and adequately controlled propellant usage 
during flight. The S-II stage of AS-503 was the first to employ an 
open-loop PU system that received fixed commands from the IU for changing 
EMR rather than feedback signals from the tank mass probes. 


The facility Propellant Tanking Control System (PTCS) together with the 
propellant management system successfully accomplished S-II loading and 
replenishment. Best estimates of propellant loaded in the S-II tanks, 
based on flowmeter data, are 359,322 kilograms (792,170 1bm) LOX and 
70,160 kilograms (154,676 Ibm) LH». These propellants were 0.46 percent 
by mass higher than predicted for LOX and 0.14 percent less than predicted 
for LHo.. 


During the prelaunch auto-sequence, the PTCS did not indicate 100 + 0.2 
percent pressurized LHg mass at the expected time, thereby delaying the 
stage LHo fill valve closure command by about 7 seconds. In addition, | 
the LH2 fill valve closed approximately 5 seconds slower prior to launch 
than it did during CDDT. Valve closure time was 19.9 seconds compared to 
a specification requirement of 20 seconds maximum. The closed position 
was attained at liftoff -34 seconds. This was just 4 seconds prior 
to the S-II "“ready-for-launch" interlock which is required at liftoff 
-30 seconds. This slower closure time is attributed to relatively 
colder gas present in the valve actuator due to the launch countdown 
being approximately two hours longer than the CDDT. Fill valve actuation 
time is extremely sensitive to the temperature of the gas being vented 
from the opening side of the actuator through a 2.03 x 10-4 meters (0.008 
in.) control orifice. This marginal condition will be relieved for AS-504 
and subsequent vehicles by an earlier closing of the fill valves at the 
start of auto-sequence. : 


The "HIGH EMR" command was received 5.5 seconds after ESC causing the 

PU valves to move from the nominal engine start position of 5.0 EMR to 
the closed position, providing a nominal EMR of 5.5 for the first phase 
of S-II Programmed Mixture Ratio (PMR). "LOW EMR" was commanded by the 
TU at 443.45 seconds versus the originally planned time of 438.19 seconds. 
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Figure 6-9. S-II Engine Shutdown Transient 
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Figure 6-10. S-II Stage Thrust Decay 
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Table 6-4. S-II Cutoff Impulse 


cide PERCENT DEVIATION 
PARAMETER PREDICTED FROM PREDICTED 


ENGINE | GUID. DATA ENGINE| GUID. DATA 


Cutoff Nes 822,018 | 813,491] 731,621 
Impulse (1bf-s) 184,797 182,880] 164,475 
Velocity m/s 3.86 ; ; 

Increase (ft/s) 12.66 : ; | 


This later than predicted PU valve step was due to changes in IU pro- 
gramming. The PU valves responded 1.55 seconds after IU command, with a 
slew time of about 1.8 seconds to the low EMR stop (open position) 

where the valves remained for the rest of S-II boost. Figure 6-11 gives 
a comparison of actual versus predicted S-II PU valve position for AS-503 
flight. The open loop PU error at ECO was approximately +20.4 kilograms 
(+45 1bm) LH2 versus a 3 sigma tolerance of approximately +1134 kilograms 
(+2500 1bm). 





The PU control system responded as predicted during flight and no 
instabilities were noted. PU valve response to open-loop IU commands 
was evaluated by comparing valve loop characteristics obtained from 
flight data with results obtained from tests of an actual PU computer 
in a breadboard setup using five servoactuators and an analog computer 
to simulate vehicle conditions. The comparison shows PU valve response 
times during flight to be within 0.1 second of the simulated times, 
which is essentially equal to the telemetry resolution capability for 
PU valve position measurements. 7 ) 


During AS-503 CDDT slew check, the engine No. 5 PU valve failed to move 
from the null position when the "PU activate" command was given. At the 
same time the PU package voltage dropped steadily from 115 vac to 
approximately 95 vac. The valve responded sluggishly to the second slew 
command but operated normally during all subsequent CDDT siew checks. 

The PU computer and the engine No. 5 PU valve were replaced before flight. 


At 3 hours 30 minutes before AS-503 launch, the engine No. 5 PU valve 
replacement also responded sluggishly to the first slew check. However, 
upon subsequent slew checks and during flight, the valve responded } 
normally. Unlike the CDDT failure, the PU package voltage remained i 
constant throughout launch preparations and flight. | ie ; 
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Figure 6-11. S-II PU Valve Position 


The PU valve removed after CDDT was disassembled by Rocketdyne and found 
to have insufficient axial overtravel in the actuator motor shaft plus 


misalignment of the motor end cap. Under cryogenic conditions, differential 


contraction caused excessive loading of motor bearings causing mechanical 
binding. Tests are now underway on the S-II Battleship Stage to develop 
field mrecedures that would verify correct PU valve operation on all 
existing engines. Actuator inspection procedures will be revised and 
existing stock and new production valves will be acceptance-tested to 
meet more stringent environmental requirements. 


Engine shutdown sequence was initiated by the LOX low level sensors at 
524,02 seconds. Based on point level sensor data, propellant residuals. 
(mass in tanks and sumps) at ECO signal were 1544 kilograms (3405 lbm) | 
LOX and 1960 kilograms (4322 Ibm) LH2 versus the predicted of 1905 
“kilograms (4200 1bm) LOX and 1961 kilograms (4324 Ibm) LHo. 


Table 6-5 presents a comparison of propellant masses as measured by the 

PU probes, flowmeters and point. level sensors. The best estimate of S-I1 

stage propellant mass is based on integration of flowmeter data, utilizing 
propellant residuals determined from the point level sensor data. © | 
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Table 6-5. S-II Piropellant Mass History 


PREDICTED PU SYSTEM ENGINE FLOW POINT SENSOR |PROPELLANT MANAGEMEN 
EVENT (FINE MASS) INTEGRAL ANALYSTS BEST ESTIMATE 
RANGE TIME a ee 


S-II 358 832 286 71,236 | 359,322 70,160| 360,180 | 70,508 | 359,322 | 70,160 
ESC 155.19 (791,089) 295) | (157 ,048)(792,170) | (154,676)(794,061) | (155,443) ](792,170) | (154,676) 


tee Select 355 ,311 356 ,980 69,487 | 357,693 69,858 | 356,980 


69 ,527 959 70 ,662 69,487 
(783 ,326) 959) | (155,783)1(787,006) | (153,193)/(788,577) | (154,010) |(787,006) | (153,193) 


PU Shift (off high 
0 


62,867 |}: 16,124} 64,386 16,125 5,990 
stop) 445,0 


67 ,398 ’ 61,504 1 64 ,386 16,125 
(148,588) | (37,518) | (138,598) (35,548)|( 141.947) (35,549))(135,594) | (35,251) 1(141,947) | (35,549) 
S-IT Engine Cutoff kgs 1905 1961 1228 2050 1544 1960 1544 1960 1544 1960 
Signal 524.02 (4200) (4324) (2707) (4519), (3405) (4322)| (3405) (4322) (3405) (4322) 


Residuals After kgs 1762 1898 1104 1984 142] 1895 1421 1895 142] 1895 
Thrust Decay* (3885) (4184) (2434) (4375| (3132) (4178)| (3132) (4178) (3132) (4178) 


NOTE: Propellant mass in tanks. “*Residuals in tank and sump. 





On the basis of a statistical analysis using data from PU capacitance 
probes, flowmeters, point level sensors, and a six-degree-of-freedom 
trajectory simulation, the total launch vehicle masses at S-II ignition 
and cutoff were estimated to be 645,610 kilograms (1,423,327 ibm and 
212,860 kilograms (469,275 1bm), respectively. These values can be 
compared with a mass at ignition of 645,610 kilograms (1,423,327 ibm) 
and a cutoff mass of 212,799 kilograms (469,141 lbm) for a trajectory 
Simulation best fitting the observed postflight trajectory. 


6.6 S-II PRESSURIZATION SYSTEMS 


The function of the S-Ii pressurization systems is to provide the necessary 
positive pressure to the J-2 engines propellant pumps and to increase 

the structural integrity of the tanks. Prior to launch, the propellant 
tanks are prepressurized by Gaseous Helium (GHe) supplied from the GSE. 
During powered flight of the S-II stage, the LOX tank is pressurized by 

GOX routed from the LOX heat exchangers. The LHo tank is pressurized 
during flight by Gaseous Hydrogen (GHj) tapped from the thrust chamber 
hydrogen injector manifold. 


6.6.1 S-II Fuel Pressurization System 


Prepressurization of the LHo tank was initiated upon closyre of the vent 
valves at -97 seconds and an ullage pressure of 24.0 N/cm* (34.8 psia) 

was obtained in approximately 35 seconds. Figure 6-12 presents actual 

and predicted tank ullage pressures from the beginning of prepressurization 
through S-II ECO. | | 


AS-503 was the first flight using dual sensing gage LHo vent valves. 

During S-IC boost the LH2 tank vent valyes were kept in the low differential. 
pressure vent mode of 19.0 to 20.3 N/cm@ (27.5 to 29.5 psid) as referenced 
to the vent valve sense line. The first vent cycle occurred at 58.04 | 
seconds when the tank ullage pressure had decayed to 22.5 N/em2 (32.6 psia). 
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Figure 6-12. S-II Fuel Tank Ullage Pressure 


There were five vent cycle events with the No. 2 vent valve during S-IC 
boost phase; the No. 1 vent valve did not open. When vent valve No. 2 
Final reseat occurred at 113.53 seconds, the ullage pressure was 19.5 
N/cm@ (28.3 psia) and remained essentially constant until S-II engine 
Start. 


At engine start the LH» vent valves were switched to high pressure vent 


mode which limits the maximum ullage pressure to 22.8 N/cm* (33.0 psid), 


referenced to the vent valve sense line. From ESC until step pressuri- 
zation, me ullage pressure was maintained within the range of 19.6 to 


20.7 N/em@ (28.5 to 30.0 psia) by the LH» tank pressure regulator. This 


regulator was stepped open as programmed at 453.78 seconds and ullage 
pressure increased to 21. 6 N/em2 (31.2 psia) at S-II ECO. | 


Figure 6-13 shows LH» pump inlet temperature, total inlet pressure and 
NPSP. The NPSP super 
the S-II burn phase. 


6.6.2 S-II LOX Pressurization System 


Following LOX tank chil down the vent valves were closed at -187 seconds 


and the LOX tank ullage prepressurized to 26.5 N/cm* (38.4 psia) in 
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Figure 6-13. S-II Fuel Pump Inlet Conditions | 
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approximately 70 seconds. One prepressurization makeup cycle was required 
after which the ullage pressure stabilized at 26.5 N/cm@ (38.4 psia)- and 
remained essentially constant until engine start. Figure 6-14 presents 

the LOX tank ullage pressure as compared to predicted from prepressurization 
until S-II ECO. 


With the exception of the characteristic pressure slump associated with 
S-II engine start, the LOX tank ul lage pressure remained within the 
regulator range of 24.8 to 25.9 N/cm¢ (36.0 to 37.5 psia) during S-II burn 
until low EMR shift. The uilage pressurant gas supplied by the engine 
heat exchangers is marginal at low EMR, and although the LOX tank pressure 
regulator opened to its maximum position at about 480 seconds, ullage 
pressure gradually decreased to 22.5 N/cm@ (32.6 psia) at ECO. Although 
tank ullage pressure dropped further below the regulator range than on 

the two previous flights, it was adequate to meet the engine inlet NPSP 
requirements. The LOX pump inlet temperature, total inlet pressure, and 
NPSP are shown in Figure 6-15. The NPSP supplied exceeded that required 
throughout S-II powered flight. 


The 18 hertz oscillations had two separate but related effects on the 
pressurization system: — 


a. The engine inlet LOX temperature was 1.3°K (2.4°F) higher than predicted 
at cutoff. 
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Figure 6-14. S-II LOX Tank Ullage Pressure 
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Figure 6-15. S-II LOX Pump Inlet Conditions — 
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b. The LOX tank ullage pressure decayed 1.8 N/eme@ (257 psi) more than 
predicted (based on S-II-6 static firing results). 


The warmer LOX inlet temperature was attributed to surface agitation. 
Agitation tends to break up the stable "hot" LOX layer at the surface and 
consequently brings cald LOX in contact with the GOX pressurant, thereby 
causing condensation of the GOX. The extra heat added to the LOX by con- 
densation plus the heat normally contained in the LOX residual was 
distributed into the usable LOX by the oscillation, thereby raising the 
engine inlet LOX temperature near the end of the S-II portion of flight. 


This condensation of GOX pressurant caused a more rapid ullage pressure 
decay then predicted. When the ullage pressure decayed to approximately 
24.2 N/om@ (36 psia), the GOX regulator went full open in an effort to 
maintain ullage pressure. This high flow demand at Tow EMR causes the 
gutput temperature of the GOX heat exchanger on the J-2 engine to drop to 
Saturaticn temperature. This operating point of the heat exchanger does 
HOt provide adequate volumetric flow to maintain ullage pressure; there- 
fore the ullage pressure decayed even more rapidly. The main effect of 
the oscillation was to cause the full-open condition of the regulator 
earlier in the flight, thereby resulting in the lower end-boost ullage 
pressure, 


Even theugh the ullage pressure was less than expected and the LOX inlet 
temperature was warmer than expected, engine NPSP requirements were 
satisfied. For AS-504 and subsequent stages it has been proposed to 
institute step pressurization for the LOX tank at T3 + 100 seconds (S-II 

ESC + 98.6 seconds). This will permit the LOX ullage pressure to be 
raised to the vent valve range before that pressure decay associated with 

low EM? eperation takes place. The net effect will be an increase in LOX 
NPSP for the latter portion of S-II burn. This madification was successfully 
tastea during S-II-7 acceptance test and will be incorporated for AS-504. 


Taere were some pronounced steps in the position of the LOX tank pressure 
regulator during the S-II burn phase. It has been verified that similar 
regulator step changes occurred during S-II-3 and S-II-4 static firings. 
No detrimental effects on pressurization system performance have resulted 
from this type of regulator operation. It is concluded that regulator 
performance was acceptable and satisfactory during AS-503 flight. 


6.7 S-IT PNEUMATIC CONTROL PRESSURE SYSTEM 


Performance of the S-II pneumatic control pressure system was satisfactory. 
Figure 6-16 shows main receiver pressure and regulator outlet pressure of 
the system from before liftoff until S-II ECO. The main receiver pressure 
was well above the predicted minimum performance limit. The actual data 
show receiver pressure to have a lower rate of decay than predicted, 
indicating that system leakage was less than expected. The regulator outlet 
pressure was within a very narrow band of 486 to 493 N/cm2 (705 tu 715 psia) 
except during actuation of the propellant recirculation valves and engine 
prevalves. ee 7 | | 
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Figure 6-16. S-II Pneumatic Control Pressure 


During launch, the Marshall Space Flight Center Launch Information Exchange 
Facility (MSFC LIEF) propulsion console lights indicated that engine No. 
4 LHe recirculation pump discharge valve stayed open throughout S-IT burn. 
It was determined that this was not an instrumentation problem. Evaluation 
of valve discrete data shows that the open position switch did not drop 
out but the closed position switch did pick up, indicating the valve had 
closed. The open and closed position switches are activated by the same 
linkage for each valve, and it is concluded that the engine No. 4 valve 
actually closed. For the above reasons, and because these position switches 
have a past history of failure, it has been concluded that this erroneous 
indication is the result of a malfunction of the open position switch. 
Improved switches have been installed on S-II-4 and are scheduled for — 
Subsequent stages. Bo ee | | | ee ? 
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6.8 S-IT HELIUM INJECTION: SYSTEM 


Operating performance of the helium injection system was satisfactory 
and in good agreement with predictions. Helium injected into the LOX 
recirculation lines supplemented natural thermopumping and successfully 


maintained the temperature of the LOX feed system within the required 


limits. The supply bottle was pressurized to oe N/cm@ (3200 psia) prior 


to liftoff and at ESC the pressure was 655 N/cm 


950 psia). From this 


cone tne average helium flowrate was determined to be 1.93 SCMM (68 
SCFM). 


During AS-502 preiaunch operations, difficulties were experienced in 
maintaining engines No. 3 and 4 LOX pump discharge temperatures below 
the launch redlines. To increase recirculation system performance, the 
following procedural and hardware changes to the helium injection system 
were incorporated for AS-503 and subsequent vehicles. 


a. 


Helium injection system total flow was increased from 1.13 to 1.70 
SCMM (40 to 60 SCFM) to 1.42 to 1.98 SCMM (50 to 70 SCFM) by increasing 
the primary orifice size. 


Screens were added upstream of each injection orifice. 


Checkout procedures were revised in order to assure even helium flow 
distribution to all engines. 


Solenoid valves outlet pressure instrumentation and solenoid valves 
outlet pressure redline values were deleted. 


Primary orifice outlet pressure instrumentation was added and 
established as a redline measurement from liftoff -30 minutes to 
liftoff -15 minutes. Its redline value is 138 N/cm@ (200 psia) to 
207 N/cm@ (300 psia). 


The supply bottle pressure redline value was changed from 1999 to 2389 
N/cmé (2900 to 3465 osia) to 1931 to 2389 N/cm2 (2800 to 3465 psia). 
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SECTION 6A 
STRUCTURAL RESPONSE TO S-II ENGINE OSCILLATIONS 


6A.1 SUMMARY 


The pressure gauges in the S-II stage propulsion system and the acceler- 
ometers at certain structural locations showed oscillations during the 
latter portion of S-II powered flight. Oscillations of about 18 hertz 
were evident in engine No. 5 (center engine) parameters beginning at 
approximately 450 seconds. Amplitude of the center engine oscillations 
began increasing at about 478 seconds, as illustrated by the engine 
chamber pressure data in Figure 6A-1. An 18 hertz response in the S-II 
crossbeam region peaked at 482 seconds which showed a like trend of 
amplitude and frequency to that of the center engine chamber pressure. 
Accelerations were at much smaller amplitudes in the outboard engines at 
18 hertz and chamber pressures were in the noise level. Accelerations 
were noted in the spacecraft flight data of approximately 9 hertz peaking 
at 493 seconds and another of approximately 11 hertz peaking at 510 
seconds. Chamber pressures were well within the noise level for these 
two frequency trends. 


6A.2 S-IT STAGE STRUCTURAL RESPONSE 


Acceleration amplitudes of the S-II stage in the 18 hertz region cannot 
be accurately determined from flight data because of the rolloff 
characteristics of the instrumentation. The accelerometers were only 
accurate in amplitude at frequencies from 0 to 6.5 hertz and the response 
characteristics rolled off sharply above this frequency. In Figures | 
6A-1 and 6A-2, the accelerations and chamber pressures shown are results 
of a Power Spectral Density (PSD) analysis of 5-second slice times in. the 
flight time of interest. Amplitudes of the accelerations are noted as 
uncorrected amplitudes because of the rolloff problem. However, the 
frequency and amplitude trend shows the high oscillations in engine chamber 
pressure and crossbeam accelerations and their correlations. It appears 
the engine chamber pressure or forcing function is close to the cross- 
beam natural frequency but not necessarily following the crossbeam 
frequency. This is evident in both the measured flight data and the 
calculated data. Both Dynamic Test Vehicle (DTV) data and analytical 
frequency calculations show that the crossbeam frequency was almost | 
constant with time. The chamber pressure oscillations frequency seemed 
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Figure 6A-1. S-II Stage Engine No. 5 Longitudinal Oscillation Time Histories 
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to be somewhat erratic, crossing the frequency (approximately 18 hertz) 
of the center engine support structure at least twice and separating in 
the latter part of flight (see Figure 6A-3). 


The S-II stage thrust structure including the center engine crossbeam is 
shown in Figure 6A-4. This figure shows also the thrust structure 
differences between the S-II-3 and S-II-4 stages. The modal frequency 
of the S-II-4 crossbeam is approximately 17 hertz. 


The evaluation to date has not concluded a definite cause of the large 
magnitude oscillations. However, the data does give some indications 

that it is not classical POGO (a fluid loop feedback through the tanks 

and propellant lines). The ratio of discharge pressure to pump inlet 
pressure as measured on the AS-503 flight were greater than that shown 

by previous test results by more than an order of magnitude. Another 
reason that this was probably not a line dominated oscillation is the 

fact that the frequency of engine chamber pressure was increasing while 
Net Positive Suction Pressure (NPSP) was decreasing during the time of 
interest. Line frequencies should decrease with decreasing NPSP. The 

J-2 engine LOX pump has demonstrated a susceptibility to small amplitude 
oscillations between 15 and 20 hertz independent of the support structure 
on which the engine is mounted when operating at certain NPSP values. At 
this point of the evaluation, it appears that this self induced pump 
oscillation of the center engine was initiated or greatly influenced by the 
NPSP and was magnified by the local center engine support structure (cross- 
beam) which has a modal frequency of approximately 18 hertz. Similar 
oscillations of smaller magnitudes were seen in AS-501 and AS-502 data at 


approximately the same LOX tank liquid levels and NPSP values. No conclusion 


can be made at this time as to the exact cause of the 18 hertz phenomenon, 
Flight and test data evaluation and analytical investigations continue. 


6A.3 SPACECRAFT STRUCTURAL RESPONSE 


The 8 and 11 hertz oscillation time histories measured at the Command 
Module (CM) are shown in Figure 6A-5. The 8 hertz response at +0.06 g's 
agrees in time with that reported by the astronaut. The 8 and 11 hertz 
response corresponds to the first and second longitudinal mode of the 
vehicle at this flight time. These oscillations are forced responses and 
are caused by uncoupled oscillatory thrust well within the noise level 

of the engines. No 18 hertz response was evident in spacecraft data. 


6A.4 RESPONSE THRUST CALCULATIONS 


Since it was impossible to ascertain acceleration levels in the S-II thrust 
structure in the 18 hertz frequency range due to the rolloff characteristics 
of the accelerometers, calculations were made of these g levels-by 
analytically forcing the vehicle with the oscillatory thrust from valid 
engine chamber pressure measurements. This computation resulted in an. 
engine gimbal block acceleration of +3.5 g's as shown in Table 6A-1. — 
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Figure 6A-3. S-II Stage Crossbeam and Center Engine Chamber Pressure Frequency 
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Command Module’ Longitudinal Oscillation Time Histories 
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Table 6A-1. Calculated Longitudinal Structural Response 
and Thrust Oscillations Using AS-503 Measured Data 


MOST VALID AS-503 | RESULTS OF RESPONSE/THRUST CALCULATIONS 
FLIGHT DATA 


17-16 hertz | S-II Center Engine The measured chamber pressure 
Chamber Pressure produces an oscillating thrust of 
+22,241 Newtons (+5000 Ibf). 

2. Forcing the 17.7 hertz mode (c/c, 
= 1.5 percent) with +5000 Ib¢f 
gives a calculated thrust pad 
acceleration of + 3.5 q's. 











FREQUENCY 




























1. The measured acceleration in the 
command module is + .06 g's at 8-9 
hertz. 

2. The calculated force level required 
to give + .06 g's CM response in 


the 8.6 hertz mode (c/ce = 0.8 
percent) is +667 Newtons (+150 Ibf). 


Accelerometers 
in the Command 
Module (CM) 





8-9 hertz 






















1. The measured acceleration in the 
command module is + .05 g's at 
10-17 hertz. 

2. The calculated force level required 
to give + .05 g's CM response in 
the 11.0 hertz mode (c/cc¢ = 0.8 

percent) is + 845 Newtons (+190 


bf). 


Accelerometers 
| in the CM 


110-11 hertz 















This loading, combined with thrust loading on the crossbeam, gave only 82 
percent of the design load. The crossbeam is the most critical load 
carrying structure at this time of flight, therefore, a very adequate 
structural margin was maintained during the S-II oscillation phenomenon. 


The 8 and 11 hertz accelerations measured in the CM were valid, however, 
engine chamber pressure amplitudes were in the noise level and could not 
be determined. This chamber pressure level was determined analytically 

by back calculating the oscillatory engine thrust required to reproduce 
the measured responses in the CM. This resulted in a total oscillatory 
thrust of + 667 Newtons (+ 150 Ibf) for the 8 hertz response and + 845 
Newtons (+ 190. lbf) for the 11 hertz response as shown in Table 6A-1. 

The 8 and 11 hertz oscillations were insignificant from a structural loads 
consideration. ‘ | 
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SECTION 7 
S-IVB PROPULSION 


7.1 SUMMARY 


The J-2 engine operated satisfactorily throughout the operational phase 

of first and second burn with normal shutdowns. S-IVB first burn time 

was 156.69 seconds which was 2.11 seconds less than predicted. The . 
engine performance during first burn, as determined from standard altitude 
reconstruction analysis, deviated from the predicted ESC + 80-second time 
slice by +0.01 percent for thrust and +0.40 percent for specific impulse. 
The S-IVB stage first burn ECO was initiated by the Launch Vehicle Digital 
Computer (LVDC) at 684.98 seconds. 


The Continuous Vent System (CVS) adequately requlated LH» tank ullage 
pressure at’ 13.4 N/cm¢ (19.5 psia) during orbit, and the Oxygen/Hydrogen 
(02/H>) Burner, in its first flight operation, satisfactorily achieved 
LHo tank repressurization for restart. Repressurization of the LOX tank 
was not required. | 


Engine restart conditions were within specified limits. The restart at 
full open Propellant Utilization (PU) valve position was successful and 
there were no indications of overtemperature conditions in the gas 
generator. S-IVB second burn time was 317.72 seconds which was 2.07 
seconds longer than predicted. The engine performance during second burn, 
as determined from the standard altitude reconstruction analysis, deviated 
from the predicted ESC + 80-second time slice by -0.03 percent for thrust 
and +0.28 percent for specific impulse. The S-IVB stage ECO was initiated 
by the LVDC at 10,555.51 seconds. | 


Subsequent to second burn, the stage propellant tanks were safed satis facto- 


rily, with sufficient impulse being derived from the LOX dump to impart 20.4 


m/s (66.9 ft/s) to stage velocity. This slowed the vehicle down and was a 
major contributing factor toward avoreHig lunar impact and establishing a 
solar orbit. 


The instrumentation added to this stage to monitor the atrectivencsé of 
the engine's Augmented Spark Igniter tasT) line modification showed no 
indications of Tine failure on this engine. 


| Special instrumentation added to the cold helium cyéten to detect any leak- 


age in the system indicated that no leakage was observed on AS-503. Sphere 
_ temperature and pressure data likewise indicated no leakage. | 
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7.2 S-IVB CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE FOR FIRST BURN 


The propellant recirculation systems performed satisfactorily, meeting 
start and run box requirements for fuel and LOX as shown in Figure 7-1. 


The thrust chamber temperature at launch was well below the maximum allow- 
able redline limit o7 172°K (-150°F). At S-IVB first burn ESC, the 
temperature was 158.2°K (-175°F), which is within the requirement of 166 

+ 27.5°. (-160.9 + 49.5°F) as shown in Figure 7-2. 


The chilldown and loading of the engine Gaseous Hydrogen (GH) start sphere 
and pneumatic control sphere prior to liftoff were satisfactory. Figure 
7-3 shows the start tank performance for first burn. At first ESC the 
start Boul conditions were within the reauired S-IVB region of 896.3 + 

68.9 N/cm@ and 133.2 + 44.4°K (1300 + 100 psia and -220 + 80°F) for initial 
Start. The discharce was completed and the refill initiated at first burn 
ESC +3.86 seconds. The refiil was satisfactory and in good agreement with 
the acceptance test. 


As a modification on this stage, the J-2 control helium sphere was tied 
into the stage LOX and LHo ambient helium repressurization spheres as shown 
in Figure 7-4. This resulted in a continual replenishing of the J-2 
control sphere in flight. The engine control bottle pressure and 
temperature at liftoff were 2034 N/cm* (2950 psia) and 152.8°K (-184.6°F), 
respectively. LOX and LHo systems chilldown, which were continuous from 
before liftoff until just prior to S-IVB first burn ESC were satisfactory. 
At ESC the LOX pump inlet temperature was 91.1°K (-295.7°F) and the LH» 
pump inlet temperature was 20.82°K (-422.2°F). 


The first burn start transient was satisfactory. The thrust buildup was 
within the limits set by the engine manufacturer. Faster thrust buildup 
to the 90 percent level as compared to the acceptance test results was 
observed on this flight and is shown in Figure 7-5. This buildup was 
similar to the thrust buildups observed on AS-501 and 502. Table 7-1 
Shows the major sequences of events during the buildup transients. The PU 
valve was in proper null position prior to first start. The total impulse 
from STDV to STDV +2.5 seconds was 820,972 N-s (184,562 lbf-s) for first 
start. This was greater then the value of 671 ,681 N-s (151,000 lbf-s) 
obtained during the same interval for the acceptance test. 


First burn fuel lead neneially: followed the predicted pattern and resulted 
in satisfactory conditions as indicated by the thrust chamber PelPE VATU 
-and the associated fuel injector temperatures. | 

Vo S-1VB MAIN STAGE PERFORMANCE FOR FIRST BURN 

Two analytical techniques were employed in evaluating S-IVB stage propulsion 


system performance. The primary method, propulsion reconstruction analysis, 
utilized telemetered engine and ae data to compute jenatsteial thrust, 
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Figure 7-1. S-~IVB Start Box and Run Requirement - First Burn 
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Figure 7-2. S-IVB Thrust Chamber Temperature - First Burn 
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Figure 7-3. S-IVB Start Tank Performance - First Burn 


specific impulse, and stage mass flowrate. In the second method, flight 

simulation, a five-degree-of-freedom trajectory simulation was utilized 

to fit propulsion reconstruction analysis results to the trajectory. Using 

a differential correction procedure, this simulation determined adjustments 

to the reconstruction analysis of thrust and mass flow histories to yield 

a simulated trajectory which closely matched the observed postflight 

trajectory. | 

The propulsion reconstruction analysis showed that the stage performance 

during mainstage operation was satisfactory. A comparison of predicted and 
e, specific impulse, and mixture 


actual performance of thrust, total flowrat 
- yatio versus time is shown in Figure 7-6. Table 7-2 shows the specific 
impulse, flowrates and mixture ratio deviations from the predicted at the 


ESC +80-second time slice. This time slice performance is the standardized 
altitude performance which is comparable to engine acceptance tests. The 
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Figure 7-4. J-2 Engine Control and Stage Ambient Bottles Tie-In Schematic 


80-second time slice performance for first burn thrust was 0.01 percent 
greater than predicted. Specific impulse performance for first burn was 
0.40 percent greater than predicted. 


The overall propulsion reconstruction of longitudinal thrust compared to 
the predicted was +0.09 percent for first burn. Longitudinal specific 
impulse for first burn when compared to predicted was +0.44 percent. 


The flight simulation analysis showed an increase of 0.59 percent, compared 
to the prediction, in specific impulse. Other comparisons are shown in 
Table 7-3. 


The S-IVB burn time was 2.11 seconds shorter than predicted. Table 7-4 
shows that the primary contributors to the shorter burn time were deviations 


in the preconditions for the S-IVB portion of flight. The total contributors — 


show a burn time deviation of -1.707 seconds. This is 0.403 second less 

than the actual deviations. The additional 0.403 second of burn time may 

be accounted for by uncertainties in preconditions of flight and uncertainties 
in the thrust average obtained from f hagec poy reconstruction. 
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Figure 7-5. S-IVB Buildup Transient ~ First Burn 
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During both burns the engine experienced in-run shifts of ap roximately 
8896 Newtons (2000 1bf) of thrust due to 4.5 N/cm@ (6.5 psia) shifts in 
chamber pressure. These shifts are attributed to shifts in the PU valve 
resistance to flow. Figure 7-7 shows the PU valve calculated pressure 
drop and chamber pressure for both burns. The calculated. RrBSSHye: drops 
correlate with the observed changes in chamber pressure. 
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A reduction in PU valve flow resistance at a fixed valve position results 
in an increase in LOX bypass flow. Since the LOX pump during mainstage 





Table 7-1. S-IVB Engine Start Sequence Events - rirst Burn 


TIME OF EVENT IN RANGE TIME (SECONDS) | 
PREDICTED ACTUAL 


S-IVB Engine Start Sequence 
Command (ESC) 


S-IVB Engine Start Indication 


Start Tank Discharge Valve 
(STDV) Open 


Mainstage Control Solenoid 
Mainstage OK 
90 Percent Thrust 


Main LOX Valve Open 





c 


is essentially a constant flow pump an increase in bypass flow allows less 
flow to be delivered to the chamber causing a lower chamber pressure. 
Figure 7-7 shows that during those periods when the valve AP decreased the 
chamber pressure decreased, and when the valve AP increased the chamber 
pressure increased. Thus the engine performance shifts are attributed to 
shifts in the hydraulic flow resistance of the valves. These in-run shifts 
have been experienced on previous acceptance tests, and ECP-601 which 
relocates the baffle in the PU valve will be incorporated on the AS-504 
and subsequent S-IVB stages. 


Due to the S-II engine failure and restart problems on AS-502 flight, the 
ASI system on the J-2 engine was redesigned. Photographs of the redesigned 
LOX and fuel lines are shown in Figures 7-8 and 7-9. instrumentation 
installed to monitor ASI system performance responded as expected. Both 
LOX and LH» supply line temperatures chilled to expected levels during 

both burns and did not indicate any abnormal condition. Combustion 

chamber temperature responded during fuel lead indicating proper ignition 
of the ASI. The measurement was cooled by its local environment during 
mainstage (see Figure 7-10). Paragraph 9. 3. 3 discusses the structural 
integrity of the redesigned lines. © 


The helium control system for the J- 2 engine performed satisfactorily. 


during mainstage operation. Since the engine bottle was connected with 
the stage ambient repressurization bottles there vas little pressure 
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Figure 7-6. S-IVB Steady State Performance ~ First Burn 


decay. Helium usage was estimated from flowrates during engine operation. 
Approximately 0.20 kilogram (0.44 Ibm) was consumed during first burn. 


7.4 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR FIRST BURN 


S-IVB ECO was initiated at 684.98 seconds by a guidance velocity cutoff 
pene resulted in a 2.11-second shorter than predicted first burn 
ime. | | , | 
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Table 7-2. S-IVB Steady State Performance ~- First Burn 
(ESC + 80 Second Time Slice at Standard Altitude Conditions) 


PARAMETER PREDICTED | RECONSTRUCTION DEVIATION DEVIATION 
FROM PREDICTED 


Thrust N 900 ,609 901 ,557 
(1bf) (202 ,465) (202, 678) 


















Specific Impulse 
N-s/kg 
(1bf-s/1bm) 
















4,187.4 
(427.0) 


4,204.) 16.7 
(428.7) 










LOX Flowrate 
kg/s 
(1bm/s) 












178.16 20.73 
(392.78) 


178.89 
(394.38) 












Fuel Flowrate 
‘kg/s 
(1bm/s ) 









o6.1% 
(79.74) 


36,30 
(80,02) 





Engine Mixture 
Ratio 
~LOX/Fuel 


The ECO transient was satisfactory and agreed closely with the acceptance 
test and predictions. The total cutoff impulse to zero percent of rated 

thrust was 183,427 N-s (41,236 lbf-s). Cutoff occurred with the PU valve 
in the null position. 


The Main Oxidizer Valve (MOV) actuator temperature at cutoff for first 
burn was 182°K (-133°F). The cutoff impulse was adjusted from these 
conditions to standard conditions for comparison with the log book values 
at null PU valve position and 255°K (O°F) MOV actuator temperature. After 
these adjustments, the Flight value was near the log book value. The 
thrust during first cutoff is shown in Figure 7- 11. 


Telemetered guidance velocity data indicated the cutoff impulse was very 
close to that expected as presented in Table 7-5. 


7: 5 S-IVB PARKING COAST PHASE CONDITIONING 


The LH9 Continuous Vent System (CVS) performed satisfactorily, maintaining 
the fuel tank ie pressure at an ae level of 13.4 F N/eme (19.5 psia). 
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Table 7-3. Comparison of S-IVB Stage Flight Reconstruction Data 
With Performance Simulation Results - First Burn 


PREDICTED FLIGHT RECONSTRUCTION PERCENT DEV FROM PRED 
PARAMETERS 











FIRST BURN FIRST BURN FIRST BURN 
FLIGHT FLIGHT H FLIGHT 
AVERAGE AVERAGE AVERAGE 




























































Longitudinal N 902,424 903,225 

Vehicle Thrust (1bf) (202 ,873) (203 ,053) 
Vehicle Mass kg/s 215.55 214.79 

Loss Rate (1bm/s) (475.20) (473.54) 
Longitudinal 

Vehicle N-s/kg 4786.5 4205.1 







Specific Impulse (1bf-s/1bm) (428.8) 


PARAMETERS 


Longitudinal 
Vehicle Thrust 


(426.9) © 
















FLIGHT SIMULATION PERCENT DEV FROM PRED 
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Table 7-4. S-IVB Simulation Burn Time Deviations - 
First Burn 


CONTRIBUTOR BURN TIME 


Preconditions of Flight (S-II/ 
S-IVB Separation Command) 
Velocity Magnitude 

(Space Fixed) 
Start. Sequence Uncertainties 
S-IVB Thrust | 
S-IVB Mass Flow 
S-IVB Initial Mass. 


Explained -1.707 





Unexplained -0.403 
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Figure 7-8. Revised J-2 LOX ASI Line 


The continuous vent regulator was activated at 744.15 seconds. Regulation 
continued, with the expected operation of the main poppet periodically 
opening, cycling, and reseating. Continuous venting was terminated at 
9701.72 seconds. 
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Calculations based on estimated temperatures indicate that the mass vented 
during parking orbit was 983 kilograms (2169 lbm) and that the boiloff mass 
was 1040 kilograms (2293 Ibm). 


J-2 engine control sphere pressure buildup during coast periods was lower 
than predicted. This is attributed to the fact that there was less mass 

in the control sphere than expected. Because there was a pressure loss in | 
the lines between the ambient bottles and the engine control sphere of ‘ 
approximately 41 N/cm* (60 psid), there was a drop in temperature. There : 
was less warming from the ambient bottles than anticipated. 
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Figure 7-9. Revised J-2 LH2 ASI Line 
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Figure 7-11. S-IVB Shutdown Transient Performance - First Burn 


Table 7-5. S-IVB Cutoff Impulse - First Burn 
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N-s 
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Velocity m/s 
Increase (ft/s) 


Cutoff 
Impulse 





187,564 
(42,166) 
1.47 
(4.82) 


"183,427 | 
(41,236) 


1.43 
(4.69) 


183,111 
(41,165) 


1.43 
(4.69) 
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7.6 S-IVB CHILLDOWN AND RESTART FOR SECOND BURN 


The 02/Ho burner system was implemented on AS-503 and subsequent stages to 
provide a new means of repressurizing the oxidizer and fuel tanks for orbital 
restart. The ambient helium repressurization system was retained as a 
redundant system. The Oo/Ha burner is mounted on the aft thrust structure 
where it heats cold helium that is used to repressurize the propellant 
tanks. Onboard propellants, LOX and LHo, are fed to the burner through 
vacuum jacketed, low pressure ducts at existing tank pressures and then 
through regenerative coils where they are heated before being injected 
through two injectors into the combustion chamber of the burner. The 
propellants are ignited and the resulting combustion products pass over 
four sets of helium coils, heating the cold helium, and then are exhausted 
through a nozzle. Three of these helium coils are connected in parallel to 
pressurize the fuel tank; the fourth coil is utilized to pressurize the 
ox‘dizer tank (see Figure 7-12). Figure 7-13 shows an illustration of the 
Qo/Ho burner. 


Repressurization was satisfactorily accomplished by the 09/H9 burner. 
Burner Start Command (BSC) was initiated at 9700.80 seconds. LOX tank 
ullage pressure at BSC was approximately 26.9 N/cm@ (39 psia); therefore, 
repressurization of the LOX tank was not required. The LHo repressurization 
control valves were opened at BSC +6.85 seconds. The fuel tank was 
repressurized from 13.4 to 20.8 N/cm@ (19.4 to 30.2 psia) in 168.4 seconds 
which yields a ramp rate of 2.65 N/cm@/min (3.85 psi/min) as shown in 
Figure 7-14. Figures 7-15 and 7-16 show the performance of the 09/Ho 
burner pressurant coil. There were 11.34 kilograms (25 1bm) of cold helium 
used from the cold helium spheres during repressurization. The burner 
continued to operate for a total of 460 seconds providing nominal pro- 
pellant settling forces. 


The performance of the AS-503 02/H> burner during flight was satisfactory 
although an unusual increase in combustion chamber pressure and temperature 
were observed during a 20-second period subsequent to the termination of 
LH> tank repressurization as shown in Figures 7-17 and 7-18. 


Normally, at the conclusion of LHa tank repressurization the combustion | 
chamber pressure and temperature momentarily increase by 0.69 to 1.7 N/em2 
(1 to 2.5 psid) and 111.1°K (-259.7°F), respectively. The higher than 
normal combustion chamber pressure and temperature transients, 2.76 N/cm 
(4 psid) and 305°K (90.31°F), respectively, were caused by: 


a. An increase in oxygen flowrate, due to two-phase flow, approximately 
10 seconds after the termination of repressurization. 


b. LHo tank self-pressurization, 0.34 N/cm@ (0.5 psid), after the conclusion 
of repressurization. | : 
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Figure 7-12. 02/H2 Burner Propellant Tanks Pressurization 
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Figure 7-13. S-IVB Stage 09/Ha Burner 
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Figure 7-14. S-IVB Ullage Conditions During Repressurization 
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Figure 7-15. 02/H2 Burner LOX and LH2 
Pressurant Coil Pressure 
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Figure 7-16.. LOX and LH? Pressurant Coil Temperatures 
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Figure 7-17. S-IVB 02/H2 Burner Thrust and Pressurant Flowrate 
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Figure 7-18. S-IVB 09/Ho Burner Chamber Pressure and Temperature 
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The S-IVB stage provided adequate conditioning of propellants to the J-2 
engine for the restart attempt. The engine start sphere was recharged 
properly and maintained sufficient pressure during coast. The engine 

- control sphere gas usage was as predicted during the first burn; the ambient 
helium spheres recharged the control sphere to a nominal level adequate 

for a proper restart. 


Table 7-6, showing the major events during the start transient, indicates 
that all events occurred as required and performance was as predicted. 


The propellant recirculation systems performed satisfactorily and met 
start and run box requirements for fuel and LOX as shown in Figure 7-19. 
Second burn fuel lead generally followed the predicted pattern and resulted 
in satisfactory conditions as indicated by the thrust chamber temperatures 
and the associated fuel injector temperatures shown in Figure 7-20. The 
LH, chilldown system performance for second burn was satisfactory. The 
LH5 pump inlet temperature at second burn ESC was 22.5°K (-419.5°F). 
Second burn LOX pump chilldown was also satisfactory. At S-IVB second 
burn ESC the LOX pump inlet temperature was 91.9°K (-294.6°F). The start 
tank performed satisfactorily during the second burn blowdown and recharge 
sequence, as shown in Figure 7-21. 


The second burn start transient was satisfactory. The tnrust buildup was 
within the limits set by the engine manufacturer. Faster thrust buildup 
to the 90 percent level as compared to the acceptance test result was 
observed on this flight and is shown in Figure 7-22. This buildup was 
similar to the thrust buildup on AS-5017 and AS-502. The PU valve was in 
the proper full open (4.5 EMR) position prior to the second start. 


Table /-€. S-IVB Engine Start Sequence - Second Burn 












TIME OF EVENT IN RANGE TIME, SECONDS 


| PREDICTED ) ACTUAL 


10,228.83 10,229.51 






~§-IVB Engine Restart Command 
(ESC) 

































S-IVB Engine Start Indication 10,228.83 10,229 .52 
STDV Open | 10,236.63 10 237.79 
Mainstage Control Solenoid 10,237.08 10,237.94 
Mainstage OK ae 10,238.16 10,239.34 
90 Percent Thrust 10,239.13 10,240.02 





Main LOX Valve Open 10 239.18 10,240.32 


7-24 





\ 
FUEL PUMP INLET PRESSURE, psia : 
25 ~ 415 
TIME FROM aT 
24 2ND ESC 2g 
cs 0 o 
F STDV : 
wy 100 Bie 
= 23 200 = 
= ECO oa -419 & 
us = ce ‘ 
= a 
io ier : 
~ 22 
5 -421 55 
z = 
= 321 a: 
a = 
a ~423 i 
— try 
z ic 
20 
—425 
19 
10 12 14 16 18 20 22 24 26 28 30 32 
FUEL PUMP INLET PRESSURE , N/cni@ 
LOX PUMP INLET PRESSURE , psia 
- 280 
TIME FROM 
ITEM ND ESC 
: i 
: ~ 284 : 
4 ie 
Z 5 e 
9 6 : 
ij : 
S$ = 288 e 
— 
<x = 
of 3 
a a 
iis 





Janne ee 


sgortes 
Le 


torneo: 7 co aeaaent er 


; 
F 
a 


LOX PUMP INLET T 
LOX PUMP INLET TEMPERATURE , °F 


ae 





- = 300 

18 20 22... 24 26 a ee 34. 36 38 : 
ie | 
LOX PUMP INLET PRESSURE , N/cm@ - 


Figure 7-19. S-IVB Start Box and Run Requirements - Restart 
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Figure 7-20. S-IVB J-2 Fuel Lead Restart - Second Burn 


The total impulse from STDV to STDY +2.5 seconds was 821,124 N-s (184,596 
Ibf-s). This was greater than the value of 671,681 N-s (151,000 Ibf-s) 
obtained during the same interval for the acceptance test. 


The helium control system performed satisfactorily during second burn main- 
Stage. There was little pressure decay during the burn due to the connection 
to the stage repressurization system. Helium usage was estimated from flow- 
rates during engine operation. Approximately 0.19 kilogram (0.41 Ibm) was 
consumed during second burn. ae ey he Nei Bek oe fag ee 
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Figure 7-21. S-IVB Start Tank Performance - Second Burn 


7.7 S-IVB MAIN STAGE PERFORMANCE FOR SECOND BURN 


The propulsion reconstruction analysis showed that the stage performance 
during mainstage operation was satisfactory. A comparison of predicted and 
actual performance of thrust, total flowrate, specific impulse, and mixture 
ratio versus time is shown in Figure 7-23. Table 7-7 shows the specific 
impulse, flowrates and mixture ratio deviations from the predicted at tne 
80-second time slice. This time slice performance is the standardized 
altitude performance which is comparable to engine acceptance tests. 
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Figure 7-22. S-IVB Buildup Transients - Second Burn 7 


TEU RR EA 


THRUST, 106 NEWTONS 


s/kg 


SPECIFIC IMPULSE 
Ne 


TOTAL FLOWRATE, 


ENGINE MIXTURE 
RATIO 








ACTUAL 


~~~ ~~ PREDICTED V 2ND ESC, 10,229.51 
PREDICTED BAND W 2ND ECO, 10,555.51 








~s 
e 

(aw) 
© 


i] 
wo 
So 


THRUST, 106 Ibf 


- 0.801 





p=) 
RO 
or 
i) 
ata 


CO en (Cree ee) 
IOC MCN IT 






SPECIFIC IMPULSE, 


TOTAL FLOWRATE, 





0 50 100.150 200 250 300 350 
TIME FROM STDV +2.5 SECONDS 
ON Laem 
2:50:50 2:51:40 2:52:30 2:53:00 2s 54:10 2:55:00 2:55:50 2:56: 40 
RANGE TIME, HOURS: MINUTES: SECONDS 


Figure 7-23. S-IVB Steady State Performance - Second Burn 
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The 80-second time slice performance for second burn thrust was 0.03 percent 
less than predicted. Specific impulse performance for second burn was 0.28 
percent greater than predicted. A shift in performance occurred between 
first and second burn which resulted in an average lower level of thrust 
during second burn of 6775 Newtons (1523 Ibf). 


The overall propulsion reconstruction of longitudinal thrust compared to 
the predicted was -0.88 percent for second burn. Longitudinal specific 
impulse for second burn when compared to predicted was +0.26 percent. 


The flight simulation analysis showed a decrease of 0.22 percent, compared 


to the prediction, in specific impulse. Other comparisons are shown 
in Table 7-8. 


S-IVB burn time was 2.07 seconds longer than predicted. Table 7-9 shows 
that the primary contributors te the longer burn time were deviations in 
thrust and initial mass for the S-IVB second burn portion of flight. The 
total contributors show a burn time deviation of 2.79 seconds. This is 0.72 
second more than the actual deviation. -The additional 0.72 second of 

burn time mayée accounted for by uncertainties in preconditions of flight 
and uncertainties in the thrust average obtained from trajectory recon- 
struction. 


Table 7-7. S-IVB Steady State Performance - Second Burn 
(ESC + 80 Second Time Slice at Standard Altitude Conditions) 


2ND BURN FLIGHT PERCENT 
PARAMETER PREDLG TED DEVIATION 
G Tr 
[cn [ree ee ee FROM PREDICTED 





Thrust. N ' 900 ,609 897 ,548 0.03 
© CDE) (202 ,465) (201,777) 
Specific Impulse 
N-s/kg 41,187.4 4199.2 
(1bf-s/1bm) (427.0) (428.2) 0.28 
LOX Flowrate | 
kg/s 178.89 177.70 -0.66 
ones (394.38) | (391.77) 
Fuel Flowrate : | 
kg/s 36.17: PSO CUE ae | 
—(1bm/s) | (79.74) - (79.40) - - 20.43 
Engine Mixture 
Ratio . am 
LOX/Fuel. °. -.. 946 «4,934 -0.24 





7.8 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR SECOND BURN 


S-IVB ECO was initiated at 10,555.51 seconds by a guidance velocity cutoff 
command which resulted in a 2.07-second longer than predicted second burn 
time. The transient was satisfactory and agreed closely with the acceptance 
test and predictions. The total cutoff impulse to zero percent of rated 
thrust was 184,463 N-s (41,469 lbf-s). Cutoff occurred with the PU valve in 
the null position. The MOV actuator temperature was 170°K (-153.7°F) at 
cutoff. The thrust during second cutoff is shown in Figure 7-24, and impulse 
data is included on Table 7-10. | | 


7.9 S-IVB STAGE PROPELLANT UTILIZATION 


On AS-503 the PU system was operated in the open-loop mode, which means 
the LOX flowrate is not controlled to insure simultaneous depletion of 
propellants. The PU system successfully accomplished the requirements 
associated with propellant loading. 


A comparison of propeliant mass values at critical flight events, as 
determined by various analyses, is presented in Table 7-11. The best 
estimate full load propellant masses were 0.04 percent lower for LOX and - 
0.10 percent higher for LHa than the predicted values, as shown in Table 
3-4 of Launch Operations, Section 3. This deviation was well within the 
required loading accuracy. Figure 7-25 shows a graphical representation 
of the PU mass sensor nonlinearities during S-IVB powered flight. 


Table 7-8. Comparison of S-IVB Stage Flight Reconstruction Data 
With Performance Simulation Results - Second Burn 


PREDICTED FLIGHT RECONSTRUCTION PERCENT DEV FROM PRED 


PARAMETERS UNITS SECOND BURN SECOND BURN SECOND BURN 
FLIGHT FLIGHT FLIGHT 
; AVERAGE - AVERAGE AVERAGE 


Longitudinal ; 904 ,412 896 ,450 











Vehicle Thrust lbf) (203 ,320) (201 ,530) 
Vehicle Mass kg/s 214.73 213.34 
Loss Rate (1bm/s) (473.40) (470.33) 
Longitudinal | ih 
Vehicle 1 Nos/kg 4191.4 4202.1 
Spe.’ fic Impulse +?  ibf-s/1bm) (427.4) (428.5) 
: | 7 : 
FLIGHT SIMULATION PERCENT DEV FROM PRED 
PARAMETERS UNITS SECOND BURN SECOND BURN 
FLIGHT FLIGHT 
AVERAGE AVERAGE 
Longitudinal N 895,841 
Vehicle Thrust (1bf) _ (201,393) 
Vehicle Mass — kg/s 214.22 
Loss Rate (ibm/s ) - (472,27) 
Longitudinal | 
Vehicle ~ N-8/kg nah 4782.14 
Specific Impulse .| (1bf-s/1bm) (426 46) 
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Table 7-9. S-IVB Simulation Burn Time Deviations - Second Burn 


BURN TIME 


CONTRIBUTOR DELTA (SECONDS) 

S-IVB Thrust 1.04 

S-IVB Mass Flow | 0.43 

S-IVB Initial Mass oe Teed 
Explained 2.79 


Unexplained -0.72 





< 


The third stage statistical weighted average masses at ignition were 
161,398 and 126,867 kilograms (355,821 and 279,694 Ibm) and the cutoff 
masses were 128,126 and 59,254 kilograms (282,469 and 130,633 lbm) for 
first and second burns; respectively. Extrapolation of propellant level 
sensor data to depletion, using the propellant flowrates to depletion, 
indicated that a LOX depletion would have occurred approximately 19.24 
seconds after second burn velocity cutoff. | 


During first burn the PU valve was positioned at null for start and remained : 
there, as programmed, during first burn. The PU valve was commanded to eae ee 
the 4.5 EMR position 119.91 seconds prior to second burn start command, 

and remained there for 132.89 seconds. At 10,242.49 seconds the valve was 
commanded to the nul? position (approximately 5.0 EMR) and remained there oe 
throughout the remainder of the flight. The actual times are within 50 | FE 

milliseconds of predicted. | is 
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Figure 7-24. S-IVB Shutdown Transient Performance - Second Burn 


Table 7-10. S-IVB Cutoff Impulse - Second Burn 


. FLIGHT | PERCENT DEVIATION 
PARAMETER PREDICTED FROM PREDICTED 


ENGINE | GUID. DATA | ENGINE} GUID. DATA. 






























Cutoff N-s | 223,456 184,463] 227,286 
Impulse (1bf=s) (50,235) (41,469) | (51,096) 
Velocity m/s 3.80 3.12] 3.84 
Increase (ft/s) | (12.47) — (10.24) (12.60) 





Note; The parameters quoted are from velocity cutoff command to zero | 
: percent of rated thrust. . | | 
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Table 7-11. S-IVB Stage Propellant Mass History 


PRED PU INDICATED PU VOLUMETRIC 
ra 


ICTED 



















S-1C Liftoff 


87,470 | 19,684 


kg 
(bm) 











(192,840) (43,395) 





Ist Ignition 
(ESC) kg 











| (1bm) 


Ist Cutoff — 
(ECO) °° kg 


(1bm) 





2nd Ignition 
(ESC) | kg- 


(Tbm) 












2nd Cutoff 


(ECO) kg 3,658 | 1,251 


1,271 






(8,064) | (2,759) 





(1bm) (2.,802)| (8,051) 


NOTE: Mass in and below the tank 


* Due to instrumentation reduction on this flight, only the data presented is available. 
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Figure 7-25. S-IVB PU System Nonlinearities | 
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LOX NONLINEARITY, ¥bm 


LH2 HORLINEARITY, Jba 


7.10 S-IVB PRESSURIZATION SYSTEM 
7.10.1 S-IVB LHe Tank Pressurization System 


The LH2 pressurization system operationally met all engine performance 
requirements. The LH2 pressurization system indicated acceptable per- 
formance during prepressurization, boost, first burn, coast phase, and 
second burn. The sequence of events and associated system performances 
are discussed in the following paragraphs. The LHo tank prepressurization 
command was received at -96.4 seconds. The pressurized signal was 
received 12.9 seconds later. : 


Following the termination of prepressurization, the uliage pressure 
reached relief conditions, approximately 21.8 N/cm¢ (31.7 psia) and 
remained at that level until liftoff as shown in Figure 7-26. A small 
ullage collapse occurred during the first 70 seconds of boost, and then 
returned to the relief level by 150 seconds due to self pressurization. 
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Figure 7-26. S-IVB LH2 Ullage Pressure - First Burn and 
| Parking Orbit 2 | 
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During first burn, the average pressurization flowrate was approximately 
0.31 kg/s (0.69 lbm/s) providing a total flow of 48.5 kilograms (107 1bm). 
All during the burn the ullage pressure was at the relief level, as 
predicted. 


During 09/Hp burner ae ae period, the LH» tank was pressurized 
from 13.3 ,t0 20.8 N/emé (19.3 to 30.2 psia}). The LHe ullage pressure was 
21.7 N/cmé (31.5 psia) . second burn ESC as shown in Figure /-27. 
Approximately 11.3 kilograms (25.0 lbm) of helium were used in the 
repressurization operation. The average second burn pressurization flowrate 
was 0.30 ka/s (0.67 lbm/s) until step pressurization when it increased to 
0.48 kg/s U1. 06 Ibm/s). This provided a total flow of 106 kilograms (234 
Ibm) during second burn. Significant venting during second burn occurred 

at second ESC + 280 seconds when step pressurization was initiated. This 
behavior was as predicted. 


The LH2 pump inlet NPSP was calculated from the pump interface temperature 
and total dee These values indicated that the NPSP at first burn 

ESC was 13.2 N/cm@ (19.2 psia). At the minimum point, the NPSP was 5.6 
N/em2 (8.1 psid) above the required. Throughout the burn, the NPSP had 
satisfactory agreement with the predicted. The NPSP at second burn ESC 

was 3.4 N/cm@ (4.9 psia) which was 0.14 N/cm2 (0.2 psid) above the required. 
Figures 7-28 and 7-29 summarize the fuel pump inlet conditions for first 

and second burns, respectively. 
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Figure 7-27. S-IVB LH2 Ullage Pressure - Second Burn 
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Figure 7-28. S-IVB Fuel Pump Inlet pone TELONS - First Burn 


7.10.2 S-IVB 10X Pressurization eysten 


LOX tank prepressurization was initiated at -167 seconds and increased the 
LOX tank ullage pressure from ambient to 27.9 N/em@ (40.5 psia) within 17 
seconds as shown in Figure'7-30. Three makeup cycles were required to 
maintain the LOX tank ullage pressure before the uliage temperature 
stabilized. At -96 seconds the LOX tank ullage pressure increased from. 


LH2 NPSP, psia 


INLET PRESSURE, psia 


TEMPERATURE, °F 


27.0 to 29.1 N/cmé (39.1 to 42.2 psia) due to fuel tank prepressurization, 


LOX tank vent purge, and LOX pressure sense line purge. This caused 
the vent/relief valve to open, dropping the pressure down to 28.8 N/cm 
(41.8 psia). The pressure remained at this level until liftoff. 
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_ Figure 7-29. S-IVB Fuel Pump Inlet Conditions = Second Burn 


During S-IC boost there was a relatively high rate of ullage pressure decay 


caused by an acceleration effect and temperature collapse, the decay 
necessitated two Makeup cycles from the cold hel jum spheres as shown in 
Figure 7-30. 


No makeup cycles were required during S-II boost. Although ullage cooling 
continued during this period, the major cause of the decay again appears 
to be response to the vehicle acceleration. » The LOX tank ullage. Uresure 
Was 27.8 Néeane (40.4 psia) at ESC. 
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Figure 7-30. S-IVB LOX Tank Ullage Pressure - First Burn 
| and Parking Orbit | 


During first burn, only one over-control cycle was initiated, as compared 
to the predicted four cycles. The reason for this performance is that 
this stage was the first to fly larger flow contro! orifices and the 
revised flight pressurization control sequence. This was compounded 

es because, at 5.0 EMR, the energy available ir ‘She J-2 heat exchanger is 

cod altered. The LOX tank pressurization flowrate variation was 0.18 to 0.19 
ice * kg/s (0.40 to 0.42 1bm/s) during under-control system operation. This 
variation is normal because the bypass orifice inlet temperature changes 
as it follows the cold helium sphere temperature. Heat exchanger per- 
formance during first burn was satisfactory. 
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- Repressurization of the LOX tank prior to second burn was not required. : 
The tank ullage pressure was 26.9 N/cm* (39.0 psia) at second ESC, : 
satisfying the engine start requiremerits as shown in Figure 7-31. ; 
Pressurization system performance during second burn was satisfactory, having i 
the same characteristics noted during first burn. There were no over-control | 
cycles as compared to three predicted. Flowrate varied between 0.16 and 0.20 | 
kg/s (0.35 to 0.45 lbm/s). Heat exchanger performance was satisfactory. i 
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Figure 7-31. S-IVB LOX Tank Uliage Pressure - Second Burn 
7 and Translunar Coast 


The LOX NPSP calculated at the interface was 17.9 N/cm@ (25.8 psi) at 
first burn ESC. The NPSP decreased after start and reached a minimum value 
of 16.8 N/cm* (24.3 psi) at 51 seconds after ESC. This was 6.3 N/em2 
(9.2 psi) above the required NPSP at that time. | | 


The LOX pump static interface pressure during first burn followed the cyclic. 
trends of the LOX tank yl age pressure. The NPSP calculated at the engine 
interface was 15.2 N/cm¢ (22.0 psia) at second burn ESC. At all times 
during second burn, NPSP - above the required level. Figures 7-32 and 
7-33 summarize the LOX pump conditions for the. first burn and the second 
burn, respectively. The run requirements for first and second burn were 
satisfactorily met as previously presented. | 


The cold helium supply was adequate to meet all flight ‘requirements . At 
first burn ESC the cold helium spheres contained 171 kilograms (376 1bm) 
of helium. At the end of the first burn, the helium mass had decreased to 
147 kilograms (323 1lbm). Figure 7-34 shows helium supply pressure history. 
7.11 S-IVB PNEUMATIC CONTROL SYSTEM | 


The pneumatic controi and purge system performed satiefactortly during all 
phases of the mission. system per Orianee was one curing. boost and first 
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“Figure 7-32. S-IVB LOX Pump Inlet Conditions - First Burn 
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Figure 7-33. S-IVB LOX Pump Inlet Conditions - Second Burn 
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Figure 7-34. S-IVB Cold Helium Supply History 


burn operations. The AS-503 stage incorporated the redesigned pneumatic 
actuation control modules, and experienced no discernible leakage as 
opposed to earlier stages which had significant degrees of leakage. 
Pneumatic control bottle temperature, pressure, and regulator outlet 
pressure are shown in Figure 7-35. Bottle masses at various pertinent 
times are shown in Table 7-12. | | ee Ps ee | 


7-12 S-IVB AUXILIARY PROPULSION SYSTEM 


The Auxiliary Propulsion System (APS) pressurization systems demonstrated. 


nominal performance throughout the flight and met control system demands 
as required until APS propellant depletion, The Module No. 1 regulator 
outlet pressure was maintained at 135 N/cm (196 psia). Module No. 2 
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Figure 7-35. S-IVB Pneumatic Control Performance 
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Table 7-12. S-IVB Pneumatic Helium Bottle Mass 











BOTTLE MASS | 


8.36 





Liftoff 
First Burn ESC, 525.00 sec 
First Burn ECO, 684.98 sec 
9910 Sec (2:45:01) 







Second Burn ESC, 10,229.51 sec, (2:50:29.51) 
Second Burn ECO, 10,555.51 sec, (2:55:55.51) 


Start Pneumatic Dump, 18,745.83 sec (5:12:25:83): 


regulator outlet pressure was 131 to 133 N/cm@ (190 to 193 psia) which was 
below the 135 + 2 N/cm@ (196 + 3 psia) regulation band. This is within 
instrumentation accuracy and other system pressures verify proper regulator 
operation. The APS yl lage pressures in the tanks were acceptable, ranging 
from 131 to 135 N/cmé (190 to 196 psia). The APS helium bottle masses 
during flight are presented in Table 7-13. 


The oxidizer and fuel supply systems performed as expected during the flight. 

The propellant temperatures measured in the propellant control module were 

as expected. The maximum temperature recorded was 314°K.(105°F). The 

(ay lati ali of the propellants in the biadder ranged from 304 to 307°K 
87 to 93°F). 


The APS ullage engines of the modules at position I and III were turned on 
at 19,555.85 and 19,556.06 seconds, respectively, and burned to propellant 
depletion to provide additional impulse for the slingshot maneuver. The 
propellants in Module No. 2 (at position III) were depleted first as shown 
in Figure 7-36. The fuel was depleted at 20,288.56 seconds resulting in a 
burn time of 732.5 seconds, while the oxidizer was depleted at 20,455 e 
seconds. The fuel was also depleted first in Module No. 1 (at position 1) | 
at 20,314 seconds resuiting in a burn time of 758.15 seconds, as shown in 
Figure 7-37. The oxidizer was depleted at 20,500 seconds. The reason the 
fuel was depleted first in both modules was that the propellants were : 
loaded for a 1.65 to 1.0 EMR while the attitude control engines normally 
operate at a 1.60 EMR during minimum impulse bit pulsing. Also the oxidizer 
was not off-loaded to account for the third ullage burn to propellant 
depletion at the ullage engine EMR of 1.27 to 1.0. The fuel load for the 
flight was maximum. Table 7-14 presents the APS oxidizer and fuel consump- — 
tion at significant events during the flight. Taos Ba tae a 
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Table 7-13. S-IVB APS Helium Bottle Mass 


TIME BOTTLE MASS 
ee ae ee | ee 


Liftoff 
First Burn ESC 
First Burn ECO 


End of Ist Ullage Burn 
Approximately, 772 sec 


Start of 2nd Ullage Burn, 
10,155.82 sec (2:49:15.82) 


Second Burn ESC, 10,229.51 sec 
(2:50:29.51) 


Second Burn ECO, 10,555.51 sec 
(2:55:55.51) 


Separation, 12,056.3 sec 
(3:20:56.3) 


Loss of CP Signal, 15,660 sec 
(4:21:00) 





The attitude control engine chamber pressures were normal and ranged from 
66 to 69 N/cmé (95 to 100 psia) until loss of data. The attitude control 
engine chamber pressure data were on the CP-1 link which were not received 
after 4 hours and 21 minutes from liftoff. The ullage engine chamber 
pressures which were on the DP-1 link were normal at 67 to 71 N/cm@ (97. 
to 102 psia) during their burns, including the burn to propel tant 
depletion. | Pe, 


7.13 S-IVB ORBITAL SAFING OPERATION 


The S-IVB high pressure systems were safed following J-2 engine cutoff in 
order to demonstrate this capability. The thrust developed during the 

LOX dump was utilized to ensure that the spent S-IVB stage would be placed 
in solar orbit and would not impact the lunar surface. The manner and 

_ sequence in which the safing was performed is presented in Figure 7-38. 


7.13.1 Fuel Tank Safing 
The LH» tank was satisfactorily safed by accomplishing three programmed 


vents, as indicated in Figure 7-38, utilizing both the Non Propulsive 
Vent (NPV) and CVS. The LH2 tank ullage pressure during safing is shown 
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Table 7-14. S-IVB APS Propellant Consumption 


MODULE AT POSITION I MODULE AT POSITION ITI 


OXIDIZER FUEL OXIDIZER FUEL 
kg (1bm) | kg (lbm)] kg (Ibm) | kg (1bm) 








TIME PERIOD 


Initial Load .7 (193.3)] 56.9 (125.4) 187.5 (193. 56.9 (125.4) 


First J-2 Burn. 0.1 (0.3) | 0. 0.1 (0.3) 
Roll Control 


J-2 ECO to End of . 4.6 (10.2) : ‘ 5.1 (11.3) 
First APS Ullaging . 


End of Ist Uilage ae 3.3 (7.3) ; : 0.9 (1.9) 
Earth Burn to 

Start of 2nd 

Restart Preparations | 5. 4.0 (8.8) : ‘ 4.3 (9.4) 1 


2nd J-2 Burn ‘ .5)} 0.1 (0.3) : ; 0.1 (0.3) 
(Roll Control) 


ECO to S-IVB/CSM i 1.9 (4.2) : , 3.9 (8.6) 
Separation ' 


From Separation 167.5 (148.8) ]42.8 (94.3) |e 42.4 (93.6) 
to Propellant 
Depletion 


TOTAL «87. 56.9 (125.4) d 56.9 (125.4) 


in Figure 7-27. At second ECO, the LHo tank ullage pressure was 22.| 


N/em2 (32.0 psia) and after three ver*~ had decayed to approximately 1.03 _ 


N/em2 (1.5 psia). The mass of GH» avid LHp vented agrees well with the 
1438 kilograms (3170 Ibm) of liquid residual and pressurant in the tank 
at the end of powered flight.  — | : om 


7.13.2 LOX Tank Dump and Safing 


‘Immediately following second burn cutoff, a programmed 155-second vent 
reduced LOX tank ullage pressure from 26.5 N/cemé (38.4 psia) to 13.2 
N/cem* (19.1 psia) as shown in Figure 7-31. Data levels were as expected 
with 31.1 kilograms (68.5 Ibm) of helium and 58.9 kilograms (129.8 1bm) 
of GOX being vented overboard. As indicated in Figure 7-31, the ul lagg 
pressure then rose gradually, due to self-pressurization, to 19.0 N/cm 
(27.6 psia) at the initiation of LOX dump. : | 
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Figure 7-36. S-IVB APS Mass History = Module No. 2 


The LOX tank dumps was initiated at 18,475.82 seconds and was satisfactorily 


accomplished. A steady-state liquid flow of 1.40 m3/s (370 gpm) was 
reached within 40 seconds. 


Approximately 126 seconds after dump initiation, the measured LOX flowrate 
showed a sudden increase indicating that gas ingestion had begun. Shortly 
thereafter, the LOX ullage pressure began decreasing at a greater rate. 
Calculations indicate the LOX residual, approximately 3329 kilograms | 
(7340 1bm), was essentially dumped within 150 seconds. Ullage gases 
continued to be dumped until the programmed termination. The tank pressure 
had decayed to 11 N/cmé (16.0 psig) at this time. 
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LOX dump ended at 18,776.03 seconds as scheduled by closure of the MOV. A HE 
steady state LOX dump thrust of 3959 Newtons (890 lbf) was obtained. The a: 
total impulse before MOV closure was 556,473 N-s (125,100 lbf-s), resulting : 
in a calculated velocity increase of 20.4 m/s (66.9 ft/s). Figure 7-39 io 
shows the LOX flowrate during dump and the mass of liquid and gas in the ss a 
oxidizer tank. Figure 7-39 shows LOX ullage pressure and the LOX dump ae 
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Figure 7-37. S-IVB APS Mass History - Module No. 1 


thrust produced. The oredicted curves provided for the LOX flowrate and 


dump thrust correspond to the quantity of LOX dumped and the actual ullage 


pressure. 


Three seconds following termination of LOX dump the LOX NPV valve was 
Opened and remained open for the hae ae Of the mission. LOX tank | 
ullage pressure decayed from 11 N/cmé (16.0 psia) at 18,776 seconds to 
zero pressure at approximately 24,000 sence: 


7. 13. 3. Cold Helium Dump 
With the addition of the 09/H2 burner on the S-IVB-503 stage, cold helium 
was dumped through the burner heating coils and into the LH» tank, and 


overboard through the tank vents. This change from past methods was made 
to avoid the possibility of freezing LOX in the LOX tank vent system. 
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Figure 7-38. S-IVB Orbital Safing and Propeltant Dump Sequence 


The dump was initiated at 18,783.63 seconds and programmed to continue for 
approximately 3000 seconds as shown in Figure 7-34. During this period, the 
pressure decayed normally from 358 to 34 N/cm2 (520 to 50 psia). Approx- 
imately 64 kilograms (140 Ibm) of helium was dumped overboard. . 


7.13.4 Ambient Helium Dump 


The ambient helium in the LOX and LH» repress spheres was dumped, via the 
fuel tank. The 200-second dump occurred at 21,783.68 seconds. The pressure 
decayed from 2136 N/cm@ (3100 psia) to 172 N/cm@ (250 psia). Data during 
this period was not recovered, and a detailed analysis will not be possible. 


7.13.5 Stage Pneumatic Control Sphere Safing 


The staqe pneumatic control sphere was safed by initiating the J-2 engine 
pump purge and flowing helium through the pump seal cavities to atmosphere. 
The safing period of 3520 seconds satisfactorily reduced the potential 
energy in the spheres. Initial and final sphere conditions are listed in 
Table 7-15, | : : | | 


7.13.6 Engine Start Sphere Safing 


The engine start sphere was safed during approximately a 150-second period 
at 18,505.82 seconds. Safing was accomplished by opening the sphere vent 
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Table 7-15. S-IVB Pneumatic Control Sphere Conditions During Dump 


PARAMETER INITIAL FINAL 
CONDITIONS CONDITIONS 


Press N/cm@ (psia) 1351 (1960) 255 (370) 


Temp °K (°F) 263 (13) 205 (-90) 


Mass kg (1bm) 2.94 (6.47) 0.74 (1.64) 





valve. Pressure was decreased from 902 N/cm@ (1309 psia) to 11 N/cm@ 
(16 psia) with 1.8 kilograms (3.9 Ibm) of hydrogen being vented as shown 
in Figure 7-40, 


7.13.7 Engine Control Sphere Safing 


The engine control sphere was safed, beginning at 21,983.88 seconds 

after the completion of the ambient repress spheres safing. The helium 
control solenoid was energized to flow helium through the engine purge 
system to atmosphere. The pressure decayed from 2102 N/cmé@ (3048 psia) 

to 140 N/em@ (203 psia) with 0.9 kilogram (2.0 Ibm) vented during the 300- 
second safing period as shown in Figure 7-40. 
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Figure 7-40. S-IVB Start Bottle and Engine Control Bottle Safing . 


7-54 


SECTION 8 
HYDRAULIC SYSTEMS 


8.1 SUMMARY 


The S-IC, S-II, and S-IVB hydraulic systems performed satisfactorily during 
the flight. All parameters were within specification limits although the 
return fluid temperature of one S-IC actuator began to rise unexpectedly 
after 117 seconds. There were no other deviations and no anomalies. during 
the flight. 


8.2 S-IC HYDRAULIC SYSTEM 


The S-IC stage incorporated eight gimbal actuators of the Hydraulic Research 
Model (60884500-7C). Analysis indicates that all actuators performed as 
commanded during the flight. The maximum actuator deflection was equivalent 
to 2.06 degrees engine gimbal angle at 113 seconds. The average hydraulic 
supply pressure was 1307 N/cm2 (1895 psia) and operated in a small band 
within the operating limits as shown in Figure 8-1. The operating temper- 
ature as depicted by the return actuator fluid was 303°K (86°F) and operated 
in a narrow band except for the engine 103 pitch actuator return fluid 
temperature (shown separately in Figure 8-1) which began a sudden increase 
at about 117 seconds into the flight. The measurement went out of the 
‘expected range, but not out of specification limits as shown in Figure 8-1. 
No explanation has been found for this unexpected occyrrence. The maximum 
hydraulic engine valve opening pressure was 1365 N/cm* (1980 psia). 


8.3 S-II HYDRAULIC SYSTEM 


Figure 8-2 shows plots of reservoir fluid volumes and temperatures and 
accumulator fluid pressures (indicative of system supply pressures) for sat 
engines No. 1 through 4. The volumes and pressures were within predicted | 5 
ranges. Temperature rise rates were close to the predicted rate. : : 


Throughout the flight all servoactuators responded to commands with good : 
precision. The maximum difference between actuator command and position oe 

was less than 0.2 degree. Forces acting on the actuators were well below | ee. 
a predicted maximum of 84,516 Newtons (19,000 Ibf). The maximum force in pee 

tension was 52,044 Newtons (11,700 Ibf) acting on the pitch actuator of a oe 
engine No. 3. The maximum force in compression was 14,234 Newtons (3200 eae Be 
lbf) acting on the yaw actuator of engine No. 1. In addition, force "4 | ‘ 
oscillations were detected on all of the actuators during the time that os 
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Figure 8-2. S-II Hydraulic System Performance 
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engine No. 5 chamber pressure oscillations appeared. The frequency of the 
oscillations was 18 hertz, and the peak-to-peak amplitudes ranged between 
23,131 and 34,696 Newtons (5200 and 7800 1bf). 


8.4 S-IVB HYDRAULIC SYSTEM (FIRST BURN) 


The S-IVB hydraulic system performed within the predicted limits after 
liftoff with no overboard venting of system fluid as a result of reservoir 
fluid expansion. Prior to start of propellant loading, the accumulator was 
precharged to 1655 N/cm2 (2400 psia) at 294°K (70°F). Reservoir oil level 
(auxiliary pump off) was 87 percent at.294°K (70°F). Table 8-1 shows 

minor pressure level variations and compares the liftoff, first burn 
parking orbit, and second burn system pressures. 


Table 8-1. S-iVB Hydraulic System Pressures 


LIFTOFF | FIRST BURN | PARKING ORBIT | ALLOWABLE DURING BURN 
PRESSURES N/cm2 N/cm2 N/em2 N/em2 
(psia) (psia) (psia) a) (psia) 


System 071 2413 to 2517 
(3500 to 3650) 


Accumulator GN? | (3500 to eesti 
3500 to 3650 


Reservoir Oi] | 110 to 128 
(160 to 185) 


Aux Pump Air Tank 138 to 345 
(200 to 500) 


Aux Pump Motor Air 7 to 31 
| (10 to 45) 





Note: These values have been corrected to 293°K (68°F). 


During S-IC/S-II boest all system fiuid temperatures rose steadily, as 


shown in Figure 8-3, when the auxiliary pump was operating and convection 
cooling was decreasing. The supply pressure during the first burn was 
nearly constant at 2517 N/cm@ (3650 psia) as compared to the allowable 
2413 to 2517 N/cm2 (3500 to 3650 psia). The maximum actuator torque 
resulting from vehicle attitude commands during first burn was in pitch 
at 7904 N-m (69,955 lbf-in.). ms _ 


The system internal fluid leakage rate of 45 cm3/s (0.71 gpm) (25 to 50 


-em3/s [0.4 to 0.8 gpm] allowable) was delivered by the main engine driven 


pump during engine burn as indicated by a 27 N/cm¢ (39 psia) jump in 
system pressure after ignition and the auxiliary pump motor current draw 
of only 21 amperes. Power extracted from the engine by the main pump 
during burn was 5.13 horsepower. , 
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Figure 8-3. S-IVB Hydraulic System Performance - First Burn 
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Engine deflections were nominal throughout first burn. The actuator posi- 
tions were offset from null during powered flight due to the displacement 
of the vehicle's Center of Gravity (CG) off the vehicle's vertical axis, 
due to J-2 engine installation tolerances, thrust misalignment, and uncom- 
pensated gimbal clearances and thrust structure compression effects. 


Pitch and yaw actuator transient loads during engine start were negligible 
as were the loads throughout the powered flight. Proper operation cf the 
pitch and yaw actuator dynamic pressure feedback mechanism is indicated 

by the actuator differential pressure traces. The hydraulic servoactuators 
responded properly to incoming Instrument Unit (IU) signals. Good 
correlation was observed between the S-IVB actuator position data ard 

the IU actuator command data throughout the powered flight. 


8.5 S-IVB HYDRAULIC SYSTEM (COAST PHASE) 


After engine cutoff, the pump inlet oil temperature increased from 321 to 
341°K (118 to 153°F) due to continued heat transfer from the LOX turbine 
dome to the pump manifold as shown in Figure 8-4. This is well within the 
system high temperature limit of 408°K (275°F). 


During the orbital coast period the auxiliary pump was thermally cycied 
for 48 seconds at 3285.15 seconds and again at 6085.15 seconds as pro- 
grammed. These cycles were programmed to circulate the system fluid and 
to distribute the heat more evenly throughout the system. 


8.6 S-IVB HYDRAULIC SYSTEM (SECOND BURN) 


The auxiliary pump was activated to the flight mode at 9878.52 seconds. 
System operation was normal through restart operation and second burn as 
shown in Figure 8-5. Pump inlet and reservoir oil temperatures rose at 
the rate of 4.6 and 2.0°K/min (8.4 and 3.6°F/min), respectively, during 
second burn. System pressure stabilized at 2517 N/cm2 (3650 psia) during 
burn. After cutoff, reservoir pressure stabilized at 52 N/cm2 (75 psia) 
following a 48-second bleeddown. 


Engine deflections were nominal throughout second burn. The maximum 
actuator torque resulting from vehicle attitude commands during second 
burn was in yaw at 12,646 N-m (111,928 Ibf-in.). 


8.7 TRANSLUNAR INJECTION COAST AND PROPELLANT DUMP 


After engine cutoff the pump inlet oi! temperature continued to increase 
until the third and final 48-second thermal cycle as shown in Figure 8-6. 

At this point the temperature peaked at 372°K (209°F). This was the highest 
temperature recorded in the system during flight. It rose after the 

thermal cycle and was back up to the same temperature prior to LOX dump. 
Pressures during this period were nominal. Hydraulic system performance 
during the LOX dump was nominal as evidenced in Figures 8-7 and 8-8. 
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Figure 8-5. S-IVB Hydraulic System Performance - Second Burn 
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Figure 8-7. S-IVB Hydraulic System Pressures During LOX Dump 





LOE REO BRE IRE Soo 


TEMPERATURE, °K 


\V/ AUXILIARY HYDRAULIC PUMP ON, 18,445.82 
\O/ AUXILIARY HYDRAULIC PUMP OFF, 18,778.83 


250 
| 225 

375 —— | 
i ENGINE DRIVEN PUMP INLET TEMPERATURE 200 


350 ; 


325 





100 
300 7 Z 
AL i 
a ACCUMULATOR GN2 


TEMPERATURE 


250 : 
18,100 18,600 19,100 19,600 20,100 20,600 21,100 
oa, RANGE TIME, SECONDS 


9:01:40 9:18:20 5:35:00 ees, 9:51:40 
RANGE TIME, HOURS:MINUTES: SECONDS | 


Figure 8-8. S-IVB Hydraulic system Performance During LOX Dump 
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SECTION 9 
STRUCTURES 


9.1 SUMMARY 


The structural loads and dynamic environment experienced by the AS-503 
launch vehicle were well within the vehicle structural capability. 
Vehicle loads, due to the combined rigid body and dynamic longitudinal 
load and bending moment, were well below limit design values. 


The transients, due to thrust buildup and vehicle release, resulted in 
maximum longitudinal and lateral (yaw plane) dynamic peak accelerations 
of +0.3 g and +0.24 g, respectively, at the command module. The maximum 
bending moment condition, 6.78 x 106 N-m (60 x 106 lbf-in.), was 
experienced at 74.7 seconds. The maximum longitudinal loads were 
experienced at 153.82 seconds, Outboard Engine Cutoff (OECO), at an 
acceleration of 4.0 g. | 


Vehicie dynamic characteristics followed the trends established by pre- 
flight analyses. The POGO suppression system apparently performed 
well, as the first mode frequency of the outboard LOX suction ducts was 
lowered to approximately 2 hertz as predicted, and there was no evidence 
of an unstable coupled thrust-structure-feed system oscillation (POGO) 
during S-IC powered flight. 


Fin bending and torsional modes compared well with analytical pre- 
dictions. On previous flights the fin vibrations exceeded the range of 
the accelerometers. On AS-503 the measurement range was increased and 
the measured vibration levels remained within range and below design 
values at all times. No fin flutter occurred. 


S-IC stage vibrations were generally as expected except at the heat 

shield. The heat shield flight vibration environment, measured for the 
_ first time on AS-503, was considerably higher than expected. This high 
vibration may have contributed to the loss of M-31 insulation discussed 


in Section 17. S-II stage and S-IVB stage vibrations were also generally < 


as expected considering the fact that certain measurements were re- 
located and improved measurement systems were used. The S-IVB stage | 
ASI lines dynamic strains measured in flight were within the range of 
similar data recorded during static firing. Instrument Unit vibrations 


compared favorably with those of previous Saturn V flights. — 
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A buildup and subsequent decay of longitudinal and lateral structural 
oscillations was evident during S-II powered flight shortly after the 
mixture ratio shift. Details of this buildup are discussed in Section 6A. 


9.2 TOTAL VEHICLE STRUCTURES EVALUATION 
9.2.1 Longitudinal Loads 


The vehicle longitudinal dynamic response due to thrust buildup and 
release is shown in Figure 9-1. The axial dynamic loads derived from 
strain gage data are shown at the S-IC intertank and forward skirt. The 
command module response, where astronaut comfort is of prime concern, is 
given in terms of acceleration. A frequency analysis of the filtered 
data indicated a predominance of 3.8 hertz (tank bulging mode) and 

4.4 hurtz (first longitudinal mode) oscillations, as expected. Oscil- 
lations observed in the axial load plots are not as pronounced as in 

the acceleration data because of the low frequency limitation (2.4 hertz) 
of the telemetry system from which the strain data was obtained. | 


In general, the AS-503 vehicle longitudinal dynamic response amplitudes 
at launch were approximately the same as those experienced on AS-502. 
The maximum response (simulated) at the command module was approximately 
+0.4 g on both AS-503 and AS-502. The maximum measured response at the 
command module of AS-503 was #0.3 g. The AS-502 measured data was 
considered invalid. 


The slow release device rod force displacement characteristics shown in 
Figure 9-2 represent an average per instrumented rod. On AS-503, for 
the 12 rods used, only 6 were instrumented and, of these, only 3 
yielded valid data. The differences in the curves shown for the three 
Saturn V launches are apparently due to variations in release rad 
greasing techniques. | 


The longitudinal loads which existed at the time of maximum aerodynamic on 
loading (maximum bending moment), at Inboard Engine Cutoff (IECO), and 
at OECO are shown in Figure 9-3. These loads were as expected with the : 
maximum longitudinal loads (at the critical stations) occurring at OECO 
at a rigid body longitudinal acceleration of 4.0 g. a 


Figure 9-4 shows longitudinal dynamic response time histories at the ; 


S-IC inboard and outboard engine gimbal blocks and at the command module he. 
(simulated) during S-IC OECO. The amplitudes shown agree favorably jee 
with those of previous Saturn V flights. | ee eee i 


9.2.2 Bending Moments 


The lateral loads experienced during thrust buildup and release were : Pes 
much lower than design because of the favorable winds experienced during | 
launch. The wind speed was low, 5.1 m/s (10 knots) at the 18.3 meters | 
(60 ft) level, and the 360 degrees wind azifuth brought about a tower ~ 
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shielding effect. The comparable launch vehicle peak design wind is 
ee m/s aa knots), and the spacecraft peak design wind is 14.4 m/s 
28 knots). _ 


Figure 9-5 shows the absolute value of the resultant moments imposed at 
the S-IC intertank and forward skirt during thrust buildup and release. 
These loads are based on measured strain gage data, and since they are 
plotted as absolute values are representative of magnitude only and 
not frequency. The peak loads occurring just after release are due to 
lateral response or twang. The longer duration load buildup and decay 
starting at about 1.8 seconds is caused by the tower clearance yaw 
maneuver. The pitch plane dynamic response at the command module during 
launch is also presented in Figure 9-5. The maximum command module 
response accelerations were found to be +0.12 g in pitch and +0.24 g 

in yaw. | | | | 


The conditions which existed during the high aerodynamic loading phase 
of flight were such as to cause near minimal lateral loads. This is 

_ illustrated by a comparison of the maximum AS-503 flight bending moments 
_ with design values shown in Figure 9-6. The lateral load factor is also 
shown. The 6.78 x 106 N-m (60 x 106 Ibf-in.) maximum bending moment at 
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powered flight. The observed propellant line frequencies from AS-503 


station 27.94 meters (1100 in.) at 74.7 seconds was less than 25 percent 
of the design criteria. The calculated loads are from a simulation based 
on measured flight parameters such as thrust, gimbal angle, dynamic 
pressure, angle-of-attack, and modal accelerations. The bending moments 
indicated by circles were derived from measured strain gage data. 


9.2.3 Vehicle Dynamic Characteristics 


Structural dynamic characteristics are presented in this section for the 
S-IC stage powered flight. Evaluation of S-II powered flight indicated 
a pronounced oscillatory buildup in both the lateral and longitudinal 
directions at approximately 480 seconds. Dynamic characteristics 
relating to this oscillation are discussed in Section 6A. 


9.2.3.1 Longitudinal Dynamic Characteristics. Frequency versus range 
time for the first longitudinal mode is compared with the analytical 

data in Figure 9-7. Modal amplitude versus range time is also shown. 

The measured frequencies, determined by spectral analysis using 5-second 
time slices, agree well with the analytical prediction. The maximum 
amplitude in this mode, 0.15 Gpeak, occurred at the command module at 

143 seconds and was much lower than the maximum AS-502 amplitude. 

Figure 9-8 shows a comparison of normalized flight data with analytically 
predicted longitudinal mode shapes. 


The accumulator modification on the outboard LOX suction ducts success- 
fully suppressed the POGO response that the AS-502 vehicle experienced 
during flight, as there was no evidence of POGO during AS-503 S-IC 


flight data agreed well with the predicted frequencies. Since the 
AS-502 POGO problem involved frequencies in the 5 to 6 hertz frequency 
range, particular emphasis was Pies on evaluation of flight data at | 
these frequencies. 


Structural oscillations at the 5 hertz frequency were lower than those 
measured on AS-501 and much less than those seen on AS-502. These 
oscillations were approximately the same magnitude after IECO as before 
IECO. Therefore, this engine did not contribute significantly to the 

5 hertz response even though it was unmodified. Table 9-1 shows a 
comparison of acceleration for several locations on the vehicle with 
that measured on the AS-501 and AS- 502 vehicles. | | 


ve RAP tage 8 ASDA pial) gett eet ae Sivagene et eres a us ye . 3 


Chamber pressure measurenients were in the noise level in the frequencies 
from 0 to 15 hertz. Thererores the ose rtatery, thrust was very low-and — - 
could not be determined. | 


The pump inlet pressure measurements: were good throughout Flight, and 

- the propellant line frequencies could be detected from these data. All 
line frequencies were verified as within the predicted ranges with the | 

exception of the second outboard LOX line mode where response was too , 

~ low to measure. A. comparison: ot proaietes and observed Vine frequencies 
are shown. in Table 9-2. - : ae 





9-9 


~ 


LEGEND , —= 
AS-503 ANALYSIS —— | ee eae le a 
AS-503 MEASURED © oy —— 


eee eee REALE 


: | 
1 i MODE ] 
{+ 
PS paws: 
ES ears em (2). po omer oe 


FREQUENCY, Hz 





(3828 in.) 


COMMAND MODULE - STATION 97.23 in a 


0.24{NOTE: AMPLITUDE VALUES WERE READ AT 
SELECTED TIME POINTS ALONG A 
TIME HISTORY OF FLIGHT DATA 
WHICH WAS BAND °ASS FILTERED 
FOR FIRST MODE. 


Gpeak 





0 20 40. 60 80 100 120 ~~ ~140 160 
RANGE TIME, SECONDS 


Figure 9-7. First Longitudinal Modal Frequencies and Amplitudes During 
ts S-IC Powered Flight . | Re 


9-10 


Sopher pee tae 


LEGEND: 
ANALYSIS ——- MEASURED e 
VEHICLE ANALYSIS FREQUENCY = 3 


.8 (Hz) 
STATION MEASURED FREQUENCY = 3.8(Hz) VEHICLE 


(in.) MAX MODAL RESPONSE 0.0305 Grms ST/TYON 


it Wott 







LM: 
4000 |MEASURED » 100 
ANALYSIS. x. 
80 
3000 
60 
2000 
40 
eos 
ii 20 
0 


NORMALIZED AMPLITUDE 


TANK BULGING MODE SHAPE AT LIFTOFF 


LEGEND: 
; ANALYSIS —— MEASURED e 
_ ANALYSIS FREQUENCY = 6.0 (Hz) 
CERTCLE MEASURED FREQUENCY = 5.9 (Hz) VEHICLE 
MAX MODAL RESPONSE = 0.048 G 


STATION 
lin.): Be a 


4000 FMEASURED « ~ 4100 














80 
3000 ai 
60 
2000 
ERT Sea 
EERE RISER 
eee eee 
1000 | oa 
2s ee 
ri EEE TE Ty 
pet EE ES ee 0 
-1.0 0 1.0 


NORMALIZED AMPLITUDE 
FIRST LONGITUDINAL MODE SHAPE AT 151 SEC 


LEGEND: 
ANALYSIS —~ MEASURED e 


ANALYSIS FREQUENCY = 4.4 (Hz 
weatyGy MEASURED FREQUENCY = 4.4 (Hz) VEHICLE 
MAX MODAL RESPONSE = 0.065 Gpeak STATION 













in. 
(in. ) a Senna (m) 
4000 | MEASURED « ce 100 
ERERE 80 
soot} | I TT 
shee 
Aas 
60 
| 
2000 
Pek NG i Vee lee 
40 
1000 ‘5 
0 


0 Ls 
-1.0 0 1.0 
NORMALIZED AMPLITUDE 


FIRST LONGITUDINAL MODE SHAPE AT LIFTOFF 


LEGEND: 
ANALYSIS —— = MEASURED“e 
ANALYSIS FREQUENCY = 5.4 (Hz) 


VEHICLE : VEHICLE 
MEASURED FREQUENCY = 5.2 (Hz) 
Gn) tax MODAL RESPONSE = 0.033 Gpeak ST/TAON 













LM: SeaP RRR 
4000 MEASURED @ ERE 100 
LYSIS x YT. 
ae 80 
tae ees es 
Ee ee 
LS 
60 
2000 
40 
1000 20 
RERRBE 
PET} 
: PTT TT J o 
-}.0 0 1.0 


NORMALIZED AMPLITUDE 


FIRST LONGITUDINAL MODE SHAPE AT 120 SEC 


NOTE: TIMES INDICATED ARE FOR THE ANALYTICAL DATA. MEASURED DATA WERE 


TAKEN FROM. A SPECTRAL ANALYSIS OF A TIME SLICE NEAR THE INDICATED 


TIMES. 


Figure 9-8. Longitudinal Mode Shapes During S-IC Powered Flight 


9-11 





mela tl cts Dyed be pba kat at DES tend acuale as 


hi ii nag aicah a So! 


STUER EEE ae a SSR TOGr ERATE GAPE FE PO SOP 


boom serpemertiscrszeeres treat nsens cpm timate 


\ 


Table 9-1. Saturn V First Longitudinal Mode Response 
Comparison baal S-IC Powered Flight 


INSTRUMENT STATION- METERS _| AS-501 ACCELERATION | AS-502 ACCELERATION 
NUMBER (INCHES) Gpeak — 


Command Module 





AS-503 ACCELERATION 
Gpeak 











E58-118 
0.024 


93-119. 








1 Aft LOX Tank 
Bulkhead 









E92-117 





Aft Fuel Tank 
Bulkhead 


5.72 
(225) 







E57-115 





Holddown Post 
P 5.31 
(209) 
E82-115 


*Not Instrumented on AS-501 


Table 9-2. AS-503 S-IC Stage Propellant Line Frequencies 


LINE aaa (Hz) 
PREDICTED , OBSERVED 


4.9 to 5.5 4.6 to 6.8 











First Inboard 












\- First Outboard | 1.8 to 2.2 2.0 to 2.6 


12.4 to 16 





Second Outboard 







‘Third Outboard | 18.6 to 19.5. | 17.2 to 20.0 


First Outboard 10.6 to 11.8. 








- First Inboard 10.8 to 13.6 | 


As in previous flights, the S-IC crossbeam showed responses at approxi- 
mately 18 hertz throughout flight. A maximum amplitude of +0.16 g was 
seen on the inboard engine gimbal block at 10 to 15 seconds. The chamber 
pressure oscillation is in the noise level at this time. A maximum 
chamber pressure oscillation of approximately 3.0 N/cmé¢ (4.4 psi) at 

20 hertz was observed at 100-115 seconds; however, the acceleration on 
the gimbal block showed a. frequency of 17.6 hertz with an amplitude of 
only +0.09 g, and no line inlet pressure oscillation could be detected 

at this time. Therefore, no correlation could be seen with accelerations 
and propulsion system pressure measurements with regard to flight time, 
frequency response and amplitude. 


Structural response and engine system pressure data showed low responses 
for all other frequencies in the POGO frequency range; and from the 
evaluation of the flight data, 5 hertz responses were suppressed without 
creating any unfavorable responses on other modes of the structural and 
propulsion system. 


“ 


9.2.3.2 Lateral Dynamic Characteristics. Oscillations in the first 
four lateral vehicle modes, as well as the payload mode, were detectable 


throughout S-IC powered flight. Spectral analyses were performed to 
determine modal frequencies using 5-second time slices. The frequencies 
of these oscillations agreed well with the analytical predictions as 
shown in Figure 9-9. 


To obtain maximum acceleration levels, magnetic tape data were filtered 
using digital filters set at the modal frequency range. The amplitudes 
of the modal oscillations at the launch escape tower are presented in 
Figure 9-9. The maximum pitch modal response during S-IC flight was 
0.056 Gpeak in the second lateral mode at 5 seconds. This second mode 
exhibited the most activity during S-IC boost except during Mach 1 and 
Max Q when the third mode was more active. The yaw modal accelerations 
exhibited about the same levels of response as did the pitch, except 
near 2 seconds when the second yaw mode obtained a maximum of 0.10 Gpeak 
as the vehicle executed the yaw maneuver for tower clearance. 


9.2.4 S-IC Fin Dynamics 


AS-503 fin vibration levels were below design values. Measured ampli- 
tudes were higher at liftoff and in the region of high dynamic pressures 
than at other flight times as shown in Figure 9-10. This profile of 
vibration level versus time is similar in shape but somewhat higher 

than those reported for AS-501 and AS-502. Levels at liftoff and at 
high dynamic pressure are not available from those flights because of — 
inadequate instrumentation. The fin vibration measurement ranges were 
increased for AS-503 and measured levels were within range at all times . 


Fin frequencies observed on AS- 503 are also shown in Fi gure 9-10 and com- 
pared with those measured on the Dynamic Test Vehicle. Frequency varia- 
tion with velocity is similar to that observed on AS- 301 and AS-502. 

: There was no evidence of flutter. 
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AS-503 fin bending moments were similar to those of AS-501 and AS-502 
and were well below design levels. 


9.3 VIBRATION EVALUATION 
9.3.1 S-IC Stage and Engine Evaluation 


Structure, engine, and component vibration measurements taken on the 
S-IC stage are summarized in Table 9-3 and Figures 9-11 through 9-13. 
A total of 49 single sideband vibration measurements were taken of 
which 47 yielded usable data. Measurement locations are shown in 
Figure 9-14. 


9.3.1.1 S-IC Stage Structure. Stage structure vibration data exhibited 
RMS levels and spectra shapes similar to previous flights. The data, in 
general, did not appear to be either higher or lower than previous data. 


9.3.1.2 F-1 Engines. All five F=1 engine combustion chamber measurements 
were considered valid. Overall RMS levels of engine No. 2 were somewhat 
higher than levels of the other engines; however, the overall RMS levels 


and spectra shapes of all five engine measurements compared favorably to 


data from flight AS-502. Ail engine combustion chamber measurements 
were invalid on AS-501. AS-502 data have been adjusted to correct for 
a calibration error made in the original analyses. 


Turbopump data from two measurements (£37-101 and E38-101) appeared 
higher from 0 to 30 seconds, but the spectra were similar to static 
firing data. These measurements have been invalid on past flights. 

The expected range of data based on static firing was 20 to 30 Grms. 
Generally, other turbopump measurements compared closely with past 

flight data in both overall levels and spectra shapes. 


9.3.1.3 S-IC Components. The responses of three components on the 
S-IC, the servoactuators, the cold helium line, and the propellant 
delivery system showed amplitudes and spectra similar to previous 
flights. Data from the one measurement on a vibration isolated 
equipment panel were invalid. 


Vibration environments on the heat shield panels were measured for the 
first time in flight on AS-503. The spectra shapes at. launch were 
similar to those from static firing below about 200 hertz. Above 200 
hertz, the flight data at launch are considerably higher than static 


_ firing. This resulted in overall RMS levels 1.5 to 2 times as high as 


expected. The levels. drop raptaly, to less than 20 percent of launch 
levels by 30 seconds. 


The heat shield vibration puphrtenced at liftoff is in excess o data. 
measured during qualification testing. Some development tests have 
shown that these levels, when applied to the heat shield for about 

10 seconds, have caused severe cracking of the M-31 insulation. This 
vibration is suspected of causing eventual Noss of M-31 as . discussed in 


— Section ea 
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Table 9-3. S-IC Stage Vibration Summary 


STRUCTURE PREVIOUS FLIGHT DATA 


rust Structure 






DESIGN 
OVERALL 























E023-115 10.7 at -0.5 
E024-115 11.2 at 0 
E049-115 13.9 at 0.5 
£053-115 6.9 at 149.5 
£054-115 3.7 at 147.5 
£079-115 3.2 iat 148 
E080-115 4.2 at 148 


Intertank Structure 


£020-118 7.7 at 2 Intertank structure AS-503 data may 
E021-118 9.1 at 4 be invalid at times shown in Figure 
9-11; data were less than 5% of 
calibration level. 
Forward Skirt 
Structure 
£018-120 1.7 at 2.8 and 4.9 Forward skirt structure AS-503 data 
E019-120 6.9 at -0.2 may be invalid at times shown in 
£047-120 6.1 at 3.9 Figure 9-11; data were less than 


5% of the calibration level. §047-120 
is located near command destruct 
isolated panel. 






ENGINE 
Combustion Chamber 


E036-101 
E036-102 
E036-103 
£036-104 
£036-105 







€036-102 invalid on previous flights. 











Turbopump 









































£037-101 41.5 at 20 Measurements E037-101, £038-101, EO40-101 
E038-101 39.0 at 1.0 were invalid on previous flights. 039-101 
E039-10) 26.5 at 125 and E042-104 data were invalid for AS-503, 
£040-101 

Bere E042-102 and E042-103 data were invalid 
F042-102 ‘ } between 0 and 20 seconds. 

£042-103 9.3 at 132 

£042-104 


£042-105 8.5 at 96.5 


COMPONENTS 
Engine Actuators 




























£030-101 5.2a 
E030-102 5.0 at 123 
E031-101 6.2 at 136. i 
£031-102 6.5 at 138.9 : 
E032-101 10.9 at 141.8 
E032-102 11.0 at 121 ; 
£033-101 8.8 at 100 
E033-102 7.0 at 127, 

£034-101 5.0 at -1. 

£034-102 5.5 a 

E035-101 14, 

-£035-102 10. 








Helium Line 


E050-116 
E051-116 






AS-503 data from EQSO-116 may be invalid 
at times. shown in Figure 9-13; they were 
less than 5% of calibration level. 








12.8 at 1.0 
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76.6 at -1 





-. £105-106 Heat shield panel measurements not in- | 
- £106-106 “62.6 at =1 stalled for previous flights. -Heat: shield 
E107-106 panel data may be invalid at times shown 


68.0 at -1 
ee “in Figure 9-13; data were less than 
5% of the calibration level. 
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Figure 9-11]. S-IC Stage Structure Vibration Envelopes 
9.3.2 S-II Stage and Engine Evaluation 


Comparisons of Grms values for AS-501, AS-562, and AS-503 are shown in 
Table 9-4 and Figures 9-15 through 9-17. The variations between the 
three flights are considered normal. 


9.3.2.1 S-II Stage Structure. The AS-503 vibration environment for the 
interstage in the radial direction exceeds that for the previous flights. 

This was 2xpected since the measurements were moved to unloaded areas of 
the interstage structure. No previous measurements were made in the 
tangential direction. — 


Although the single measurement on the aft skirt indicated levels com- 
parable with previous flights and static firings, the data is considered 
to be questionable because the oscillograph trace does not appear to be 
random data. a3 ge es ree 
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Figure 9-12. S-IC Stage Engine Vibration Envelopes 
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Figure 9-13. S-IC Stage Components Vibration Envelopes 
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Figure 9-14, S-IC Vibration 
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Table 9-4. S-II Stage Vibration Summary 


S-II, 501, 502 ee a el 
NO. OF | AND 503 STATIC 
ZONE MEASUREMENTS | FIRINGS GRMS | VEHICLE | LIFTOFF | TRANSONIC | MAX Q MAINSTAGE 
: 3 
8 





Forward Skirt AS+501 1.4 to 8.8 | 2.1 to 3.7 | 2.4 to 5.1 
Containers 0.7 to 2.5 AS-502 2.7 to 9.0 | 0.7 to 2.5 | 1.1 to 4.6 
AS-503 0.7 to 9.1 | 1.0 to 3.7 | 1.7 to 5.3 
Forward Skirt AS-501 {3.5 to 11.0 2.3 to 11.3 | 3.7 to 9.2 
Stringers 7.6 to 4.8 AS-502 | 3.4 to 13.1 | 1.8 to 7.6 | 2.7 to 8.0 
AS~503 1.2 to 8.5 | 1.0 to 6.8 | 1.7 to 7.9 
Aft Skirt AS-501 3|5.5 to 17.3 | 3.6 to 6.2 15.7 to 12.1 
10.1 to 31.7 AS-502 {5.3 to 14.8 | 5.2 to 8.3 | 5.4 to 9.4 

AS-503 | Data Questionable 
Interstaye 4 AS-501 3.4 to 5.9 | 2.0 to 3.5 | 2.6 to 4.5 
4 Interstage AS-502 3.1 to 4.8 | 2.2 to 3.3 | 2.8 to 4.1 
3 Not Install. AS-503 |7.6 to 16.0 | 5.6 to 6.5 | 5.6 to 7.2 
Thrust Structure - 0 AS-501 | 0.8 to 7.0 | 0.6 to 1.8] 0.6 to 2.2 
Containers 0 2.2 to 15.8 AS-502 0.6 to 2.4 | 0.4 to 1.1) 0.5 to 1.4 
9 AS-503 0.3 to 3.9 | 0.4 to 2.6 | 0.3 to 2.2 
Thrust Structure 3 AS-501 1.6 to 5.1 | 1.1 to 2.0 | 1.2 to 2.2 
Longitudinal | 3 4.1 to 12.3 AS-502 1.0 to 3.7 | 0.6 to 1.6 | 0.7 to 1.7 
3 AS-503 0.2 to 2.9 | 1.1 to 1.5 | 1.6 to 2.7 
Engine Beams 5 AS-501 0.9 to 1.5 | 0.5 to 0.9 | 0.6 to 1.0 
5 5.4 to 15.3 AS-502 0.5 to 1.0 | 0.3 to 0.4 | 0.4 to 0.5 
7 AS-503 1.4 0.7 0.7 
Gimbal Pad AS-501 1.0 0.9 0.9 
4.2 to 9.6 AS-502 0.4 0.3 0.3 
AS-503 0.3 0.2 0.4 
Combustion Dome Invalid Data AS-503 0.8 to 3.6 | 1.0 to 4.6 | 1.2 to 3.7 
LOX Pumps . Invalid Data AS-503 0.0 to 2.6 | 0.0 to 2.6 | 0.0 to 2.6 
LH2 Pumps Invalid Data AS-503 0.0 to 3.1 | 0.0 to 6.1 | 0.0 to 6.1 
LOX Sump Prevalve Not Installed AS-503 0.4 to 0.6 | 0.5 to 0.7 | 0.6 to 0.7 
LHg Prevalve Not Installed AS-503 0.2 to 1.0 | 0:5 to 0.7 |] 0.8 to 0.9 





NOTE: The values listed above for AS-501 & AS-502 are based on PSD overall levels. 
The values listed above for AS-503 are based on Grms histories. 


9.3.2.2 S-II Stage J-2 Engines. The J-2 engine vibration trends were 
generally a as expected with the maximum levels occurring after S-II 
engine start. The LOX pump measurements show a sharp amplitude increase 
at the propellant mixture ratio (PMR) shift time, as expected. This 
increased vibration results from changed flow characteristics through 
the LOX pump after the Brogan utilization (LOX ByDESS) valve 
position is changed. 





9.3.2.3 S-II Stage Components. For the “AS-503 flight, instrumentation = 
was relocated to better define component and container environments. The 
levels indicated for the LOX sump prevalves and the LH2 prevalves were 
lewer than expected. The response levels in the containers were as 
expected. | te 
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Figure 9-15. S-II Stage Structure Vibration Envelopes (Sheet 1 of 2) 





ARTES AAS a EN ee ae eat sate ie tes 


2-6 


OVERALL VIBRATION ACCELERATION, Grms 


_ OVERALL VIBRATION ACCELERATION, Grms 














20 T ENGINE 1 BEAM, LATERAL ~ 


1a b \W/ MACH 1, 61.48 SEC \37S-II Esc, 155.19 sec \G/ S-II ECO, 524.04 SEC 
VW MAX Q, 78.90 SEC W PMR SHIFT, 443.45 SEC 


an AS-503 
—--—AS-501 AND AS-502 : 









elles a ae a ee le 
pe 
f 

rites CPSC ie 





V MACH 1, 61.48 SEC 
W MAX Q, 78.90 SEC 
VW s- ESC, 155.19 SEC 










Pal ay) ale 
CAE 
Bie - C1 00nn000 


-+50 9 SO 100 150 200 250 300.. 350 45 
RANGE TIME, SECONOS 


550 


Figure 9-15. 

















ENGINE 1 GIMBAL PAD, LONGITUDINAL 
V7 MACH 1, 61.48 SEC V7 S-II ESC, 155.19 SEC YG7 S-IT ECO, 524.04 SEC 


V7 MAX Q, 78.90 sec VG PMR SHIFT, 443.45 SEC 








AS 503 
———— AS 501 & AS 502 


Cal — 
an ao. OQ: nm 


> 


OVERALL VIBRATION ACCELERATION, Grms 






CREECH 










G 
20 
INTERSTAGE FRAMES, RADIAL 
18 VY mci 1, 61.48 SEC 







—— AS 503 


W Max Q, 78.90 SEC ——-— AS 501 & AS 502 


VW s-ul ESC, 155.19 SEC 


— 
a> 


12 


10 


OVERALL VIBRATION ACCELERATION, Grms 






AIEEE 
eee 


-5 100 «615006200 250 3300S: 350 450 
. RANGE TIME, SECONDS 


S-II Stage Structure Vibration Envelopes (Sheet 2 of 2) 


§50 


OVERALL VIBRATION ACCELERATION, Grms OVERALL VIBRATION ACCELERATION, Grms 


OVERALL VIBRATION ACCELERATION, Grms 


COMBUSTION DOME, LONGITUDINAL 
V Mach 1, 61.48 secY7 s-i1 Esc, 155.19 SEC W S-11 ECO, 524.04 sec 
18 VW MAX Q, 78.90 SEC VW pur SHIFT, 443.45 SEC 







20 





| 1 
16 AS 501 & AS 502 
DATA INVALID 





AS-501 & AS-502 
DATA INVALID 






| 
ae 












rele a 
SESH 
eo 


61.48 SEC (7 S-11 ESC, 155.19 sec \G7S-I1 ECD, 524.04 SEC 
18 VW Max 0, 78.90 SEC WY Pur SHIFT, 443.45 SEC 


ie 
omer 





[| 
16; AS 501 & AS 502 
DATA INVALID 








ie 
tt 
RZ BRe es 


50 0" 50 100 150 200 250 300 360 400 450 500. 580 
RANGE TIME, SECONDS 





Figure 9-16. S-IT Stage Engine Vibration Envelopes 


9-25 


ikapo eye 


Satan 


i 


ds soe akas 


a STP panpiniaeed eer ene te merges mtr ay mame cy mente ming amnimidmdmematinensniMicl cor ve 


FORWARD SKIRT CONTAINER 220, NORMAL INPUT: 
V MACH 1,617.48 sec WW S-II ESC, 155.19 SEC WU sul ECO, 524.04 SEC 


= . a MAX Q, 78.90 SEC YQ PMR SHIFT, 443.45 SEC 
aes . 
ai SS FORW/2D SKIRT CONTAINER 221, NORMAL INPUT 
ESS g etter 
SES BSs 2 
. =e 
orate 































10 
a: 
a S 
seu . 326 
Sen 2 4 oom a 
Sage WwasSe 
2 
amare es 
oF 
6 
Zz : FORWARD SKIRT CONTAINER 223, LONGITUDINAL RESPONSE 5 
ze S 4 
_35 2 A 
Z#e4 428 
$San wn ake iW 
SESE Senn 2 
oo avcess= ciate 
: orto 
‘ WWI. ees leg 
2 a 
ooo 2 SSa,2 
HU Tek be Jay -eseeenree 
OQ 
NA Y Ai jar NDS) a= = / 
-5 150 200 250 300 350 400 550 50 0 100 150 200 250 300, 550 
RANGE TIME, SECONDS RANGE TIME, scents 


Figure 9-17. S-II Stage Component Vibration Envelopes (Sheet 1 of 2) 
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Figure 9-17. S-II Stage Component Vibration Envelopes (Sheet 2 of 2) 
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9.3.3 S-IVB Stage and Engine Evaluation 


Two vibration measurements were made on the structure, fifteen at com- 
ponents mounted on the stage, and thirteen at engine components. The 
maximum composite levels are indicated in Figures 9-18 and 9-19 and 
Table 9-5. 


9.3.3.1 S-IVB, Stage Structure and Components. Figure 9-18 shows the 
range of vibration levels on the structure. The AS-503 levels were 


much lower than the maximum measured during the AS-501 and AS-502 
flights. This is due to the limited frequency range used in acquiring 
the AS-503 data. The figure shows the range of vibration levels at the 
input to forward components and the range of vibration levels at the 
input to the aft components. The components monitored on AS-503 were 
not monitored on the AS-501 and AS-502 flights; however, inputs to 
components that were monitored are shown. 


9.3.3.2 S-IVB Stage J-2 Engine. Figure 9-19 presents data measured 
during the AS-503 flight on the two turbopumps. These measurements were 
made with a measurement system that was improved over that used for 
AS-501. The AS-501 levels presented in Figure 9-19 for comparison 
include data from the turbopumps and the combustion chamber dome. The 
fact that the AS-503 levels are two to three times higher than the 
AS-501 levels may be an indication that the earlier measurement system 
was inadequate. In any case, the differences between the measured 
vibration environment is within the normal scatter of the engines. 


Figure 9-19 also presents first and second burn data from components in 
the J-2 engine installed on the S-IVB stage. In addition, Figure 9-19 
shows the nominal range of levels found during test firings at the 
engine contractor's test facility. With the exception of the radial 
measurement on the fuel Augmented Spark Igniter (ASI) block, the AS-503 
measurements are within the range of engine contractor's data. The ASI 
block measurement appears to be within an allowable variation, since 
component vibration levels vary greatly from J-2 engine to J-2 engine. 
However, the operation in a vacuum may be reflected by the higher level 
obtained in flight. . 7 


9.3.3.3 S-IVB Stage ASI Lines Dynamics. Dynamic strain measurements 
were made on LOX ASI lines 1 and 2 and LH2 lines 1, 2, 3, and 4. The 


LOX ASI line strains ranged from 10 to 20 »p in./in. RMS. (Engine 

Contractor's static firing gave 10 to 90 in./in. RMS.) The LH2 ASI 
line strains ranged from 20 to 50 u in./in. RMS. (Engine contractor's | 
static firings gave 10 to 175 » in./in. RMS.) | 


9.3.4 Instrument Unit (IU). Evaluation 


There were 28 vibration measurements on the AS-503 IU. All of these 
measurements functioned properly and appeared to provide usable data. 
- The telemetered data were of good quality. As on previous flights, a 
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Figure 9-19. 
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ou Table 9-5. S-IVB Vibration Summary 


MAX 
AREA MONITORED LEVEL 
Grms 
Structure  |Field Splice at Position I 
(Low Frequency), Thrust 0.8 
{Station 2748 at Position II : 
on Aft Skirt, Thrust 0.6 
Engine Combustion Chamber Dome 
(Low Frequency), Thrust 0.28 
Combustion Chamber Dome 
_lLongitudinal - 
LHe Turbopump, Lateral er. 
ie LOX Turbopump, Lateral 50.0 
we Component Input to LH2 Vent Discon- 
3 (Forward nect, Forward Skirt, Thrust 3.7 
Skirt) i | 
Input to LHg Vent Discon- 
nect, Forward Skirt, Radial 4.8 
- {Input to Continuous Vent 
- |Module, Forward Skirt, 
Radial 42 30 
- |Component. Thrust Structure at Helium 
(Aft Skirt) Bottle, Pitch 
Input to LH2 Feedline at 
LH? Tank, Thrust 
Input to LHp Feedline at 
{LH2 Tank, Radial 
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Ambient Panel, Input to 
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S-IVB Vibration Summary (Continued) 
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Table 9-5. S-IVB Vibration Summary (Continued) 





MAX RANGE 
AREA MONITORED LEVEL TIME REMARKS 
| Gris (SEC) 
‘\Component {LOX Turbine Bypass Valve, - 
(J-2 Engine) |Radial ~ 10.0 680 
LOX Turbine Bypass Valve, 
Longitudinal 14.2 680 
ASI LOX Valve, Radial 18.4 680 
ASI. LOX Valve, Longitudinal 19.3 680 
Fuel ASI Block, Radial 60.0 10,230] Level Greater than Found in Static Test 
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telemetry dropout occurred during S-IC stage separation. This resulted 
in a complete loss of all single sideband data between 154.6 and 155.7 
seconds. 


The maximum composite vibration levels (Grms) occurred for about a 20- 
second period centered near the time of maximum dynamic pressure. All 
vibration levels appeared to be nominal. For comparison purposes, the 
IU structure and component measurements are shown with those taken 
during previous Saturn V flights. Figure 9-20 shows the Grms time 
histories of these measurements. 


9.3.4.1 Instrument Unit Structure. Eight measurements were used for 
monitoring structural Vibration at the upper and lower interface rings. 
The AS-503 levels were generally within the envelope of previous flight 
Values except for two peaks at 77 ana 85 seconds. All levels appeared 
to be reasonable and no structural problems existed. After S-IC 
powered flight, the levels became negligible. 


9.3.4.2 Instrument Unit Components. Twenty measurements were used to 
monitor the IU component vibration levels. Figure 9-20 indicates a 
broader range of data than that of structure vibration measurements. 

This is due to the difference in response characteristics of the various . 
components. The AS-503 component composite vibration levels appear to 

be nominal and within those of AS-501 and AS-502. The vibration levels 
during S-II and S-IVB stage powered flight were negligible. 
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SECTION 10 
GUIDANCE AND NAVIGATION 


10.1 SUMMARY 
10.1.1 Flight Program 


The guidance and navigation system performed satisfactorily during all 
periods for which data are available. The boost navigation and guidance 
schemes were executed properly and terminal parameters were very good for 
both parking orbit and translunar injection. All target parameters were 
satisfactorily achieved and all orbital operations were nominal. Mission 
objectives were accomplished and the nominal mission time line was flown. 


The vehicle trajectory exhibited a slightly flatter altitude spetile than 
that predicted in the operational trajectory. Analysis reveals that the 
most probable cause was the vehicle state vector at Iterative Guidance 
Mode (IGM) initiation being different than predicted. At S-IC Outboard 
Engine Cutoff (OECO), the vehicle altitude was less than predicted and 
the velocity was greater. The resulting optimum fuel usage trajectory 
determined by the Launch Vehicle Digital Computer (LVDC) flight program 
was predictable and resulted in satisfactory end conditions.: 


A roll angle offset, varying from 0.3 to 0.5 degree was evident through- 
out boost. A combination of Center of Gravity (CG) offsets and thrust 
vector misalignments is the most pietanls cause. 


10.1.2 Instrument Unit Components 


‘Date indicates .nat the Launch Vehicle Data Adapter (LVDA) and the LVDC 
performed as predicted. There were numerous error monitor register 
indications of Triple Modular Redundant (TMR) logic disagreements in the 
interrupt processor during Time Base 7 (17). Such indications on past 
missions have been associated with the conmand and communications subsystem 
operation. All commands were received and processed, thus these. indica- 
tions had no detrimental effect on the flight. 
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The ST-124M-3 inertial platform and associated electronic equipment 
performed as expected. Telemetry from the LVDC indicated that inertial 
reference was still being maintained at 25,420 seconds (7:03:40). The 
accelerometer loop signals indicated that the accelerometers correctly 
measured vehicle acceleration throughout the flight. Temperatures, 
pressures, and voltages were nominal to 13,410 seconds (3:43:30). 


10.2 GUIDANCE AND NAVIGATION SYSTEM DESCRIPTION 
10.2.1 Flight Program Description 


The flight program controls the LVDC from Guidance Reference Release (GRR) 
until the end of the mission. The program performs seven primary functions: 
navigation, guidance, event sequencing, attitude control, data management, 
ground command processing, and hardware evaluation. 


10.2.1.1 Preflight Prepare-to-Launch Mode 


At approximately -13 minutes, the LVDC is commanded into the Prepare-to- 
Launch (PTL) mode by a mode command from the RCA-110A ground computer. 
This ground routine performs certain prelaunch functions and prepares | 
the LVDC for entering the flight mode. 


10.2.1.2 Boost Initialize 


The flight program contains routines which initialize navigation quantities, 
boost-to-parking orbit parameters, and translunar injection parameters. 
The variable azimuth routine computes an azimuth from a predicted liftoff 
time which is computed from the Greenwich Mean Time (GMT) maintained in 
the PTL mode. This azimuth is used to compute an inclination and a 
descending node. The translunar injection targeting routine uses an 
interpolation scheme to determine orbital energy, right ascension, 
declination and cosine of the true anomaly of the target vector, and 
eccentricity of the transfer ellipse from the predicted liftoff time. 
Boost initialize also computes transformation matrices from the azimuth, 
inclination, descending node, and launch pad latitude, and target vectors © 
for first and secand opportunities from right ascension, declination, 
launch pad latitude, azimuth, and the angle between the launch meridian 
and the vernal equinox. 


10.2.1.3 Boost Routines 
In general, the boost routines perform navigation and guidance, event 
sequencing, and attitude control. Boost navigation encompasses the 


computations and logic necessary to determine position, velocity, ante 
acceleration of the vehicle during powered Plight phases. 
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The boost guidance is divided into two distinct modes, pre-IGM and IGM. 
The pre-IGM guidance, used during S-IC and part of S-II stage operation, 
computes guidance commands during the interval from GRR to IGM initiation. 
Programmed commands include a yaw maneuver for tower clearance and roll 
and tilt commands. The yaw maneuver is initiated 1 second after Instrument 
Unit (IU) umbilical disconnect and roll and tilt are initiated when the 
vertical component of the space-fixed position changes by 138 meters 
(452.8 ft), approximately 11 seconds after liftoff. A time backup of 

11.4 seconds is provided in case of an accelerometer failure. The roll 
command is initiated to align Position 1 with the flight azimuth. The 
pitch profile is arrested at 146.5 seconds nominally, and the pitch, roll, 
and yaw commands are frozen from this time until IGM initiation. If an 
S-IC stage engine failure is detected, the steering angle is frozen for 

a specified time dependent on the time of the engine failure. The tilt 
arrest time is also adjusted. 


The guidance scheme used in the S-II stage and S-IVB stage burn is a 
modification of the multistage three-dimensional form of IGM. IGM is a 
near optimal scheme based on the flat earth optimum steering function for 
planar motion of a point-mass vehicle. The approximate thrust vector 
steering function is implemented in both the pitch and yaw planes. IGM 

is implemented in two flight modes. The first mode (boost-to-parking 
orbit IGM) starts 40.6 seconds after S-IC stage OECO and is terminated 

at first S-IVB stage cutoff. The second mode (out-of-orbit IGM), starting 
approximately 14 seconds after S-IVB stage reignition, is terminated at 
second S-IVB stage cutoff, Steering Misalignment Correction (SMC) is used 
during both IGM modes of flight. 


The equations and logic needed to implement IGM are essentially the same 
for both modes. During the boost-to-parking orbit mode the S-II/S-IVB 
Staging sequence causes a rapid variation of the force-to-mass ratio. To 
smooth the steering commands of these disturbances IGM is supplemented 

by periods of artificial tau. The sensitivity of the.IGM to changes in 
force-to-mass increases as the desired terminal parameters are approached. 
A terminal scheme is required (chi bar steering) which uses only the 
velocity constraint terms. During chi bar steering, the altitude | 
constraint terms are set to zero. The first S-IVB stage cutoff signal 

is given by the program when the desired terminal velocity is reached. 

To obtain an accurate cutoff velocity, a high-speed computer cop is 


entered just prior to cutoff. | 

Because of perturbations in the parking orbit, it is desirable to revise 
the out-of-orbit desired trajectory to be near optimum for the actual 
orbit rather than the desired orbit. Hence, near the reignition point, 
computations to determine the plane of the transfer ellipse and the 
dimensions of the ellipse (defined by energy, eccentricity, and argument 
of perigee) are made. These data are then used by the out-of-orbit IGM 
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equations. The most significant difference between the out-of-orbit and 
boost-to-parking orbit equations is that the terminal parameters are. 
recalculated each cycle as a function of the range angle. The point of 
injection on the waiting orbit ellipse varies with range angle to 

constrain the argument of perigee. The high-speed loop is again employed 
to issue the second S-IVB stage cutoff command. For the out-of-orbit case, 
the terminal velocity is recalculated each cycle through the high-speed 
loop to force a correct orbital energy at engine cutoff. 


A backup IGM is. provided to give correct guidance in case of an early 
S-II stage engine cutoff, This scheme is essentially the same as the 
out-of-orbit except the argument of perigee constraint is dropped. 


Event sequencing is accomplished by the switch selector routine on an 
interrupt basis. This routine provides the communication link between 
the LVDC and the control distributors in the IU and in each stage. 

The routine determines if it is time to issue a switch selector command, 
verifies that no switch selector stage was hung, verifies that the 
correct address is sent to the stage switch selector, and issues the 
read commands. 


Attitude control is accomplished in the minor loop section of the program 
on an interrupt basis. The minor loop support routine (a part of the 
major loop) includes calculations of such parameters as steering rates to 
be applied in the minor loop. The boost minor loop is entered at a rate 
of 25 times per second and processes platform gimbal angles to compute 
attitude errors to drive the gimbal angles to their desired values. 
Limiting of the ladder outputs is accomplished when necessary, and backup 
and failure paths are provided in case gimbal angle discrepancies occur. 


-10.2.1.4 Orbital Routines 


The orbital program consists of two interruptable monitor routines. The 
first is the IU Hardware Evaluation Program (HEP), and the second is the 
Telemetry Executive Progrmm (TEP). Navigation, guidance, event sequencing, 
attitude control, and ground command processing are initiated on an inter- 
rupt basis from either HEP or TEP. 


During orbital flight and when the vehicle is not over a ground station, 
the HEP routine is exercised. For this mission, however, no hardware — 
evaluation functions were defined and the HEP routine operated as a 
dummy monitor routine. | : a 


Once the vehicle acquires a ground station, TEP is entered as the program 
major loop. This routine provides time sharing telemetry of compressed 
and real time data, In addition, various special data are telemetered 
on an interrupt basis. Data from the LVDA is telemétered automatically. 
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Orbital guidance controls the vehicle attitude during the earth parking 
orbit (T5) and after S-IVB second burn cutoff (17). 


During T5, the vehicle is continuously commanded to track the local 
horizontal with a zero degree roll. This attitude is maintained until 
IGM starts in the second S-IVB burn. In 17, the local horizontal is 
again commanded until the spacecraft separation maneuver at 17 + 907.98 
seconds. The separation attitude is dependent on lighting constraints 
for the spacecraft and may be different for each day of launch. This 
inertial attitude for separation is held until T7 + 6540 seconds. At 
that time the slingshot attitude, which is independent of launch day, 
is assumed. 


Orbital navigation encompasses the computations necessary to determine 
position, velocity, and acceleration in the space-fixed coordinate 

system during earth orbit. These computations are carried out in an 
indirect fashion, making use of mathematical models of the earth, its 
atmosphere, and the vehicle to approximate the effects of the earth on 

the vehicle. Navigation is accomplished by integrating the space-fixed 
accelerations. These accelerations are obtained by solving an approximate 
atmospheric drag equation, by rotating prestored body-fixed vent accelera- 
tions through the platform gimbal angles, and by solving for gravitational 
accelerations. The gravitation model is the same as that used in boost 
with the addition of two oblateness terms. The integration scheme is a 
modified Scarborough routine. It is a self-starting scheme that is carried 
out in two basic steps. The first step obtains predicted values of posi- 
tion and velocity at the midpoint of the integration interval. Gravita- 
tional, vent, and drag accelerations are then computed based on these 
midpoint positions and velocities at the end of the interval. Accelera- 
tions are again computed and the second step is completed by calculating 
corrected end point values of position and velocity. Values for position 
at points within the 8-second intervals between integrations are calculated 
assuming a constant velocity over the interval. A routine for telemetry 
Station acquisition, as a function of position, is included. This routine 
is also entered upon exit from the minor loop at 8-second intervals. 


Event sequencing in orbit is accomplished exactly as in the boost phase ee 


with the added capability to receive special output sequence commands 
From ground stations after T7 + 1200 seconds. 


Attitude control for orbital operation is accomplished in the same manner. 
as in the boost phase with the exception of the rate of entry into the — bo 
minor loop. The orbital minor loop is entered 10 times per second. The 3 | 7 
‘First and fifth passes being the attitude update pass (cycled through 
twice per second) and the remaining eight passes are for attitude hold < 
(cycled through eight times per second) to minimize drift problems, | 


Ground command processing is accomplished by the Command Decoder 
interrupt with the Digital Command System (DCS) routine. The DCS routine 
processes all ground commands, provides data and mode verification, and 
Supplies the necessary information to the various affected routines. 
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10.2.1.5 Flight Program Differences: AS-503 Compared to AS-502 


The 
a. 


b. 


Ti 


Je 


following functions were deleted: 

Computer simplex operations. 

Compression of computer interface unit data. 
Navigation update DCS command. 

Self-test 

following functions were changed: 

Time of D012 moved to middle of boost initialize. 
Propellant utilization system operated open loop. 
Acquisition and telemetry station loss done on navigation calculations. 
following functions were added: 


Interface with the RCA 110A ground computer in the azimuth laying 
program was programmed. 


Variable targeting calculations in boost initialization. 


Spacecraft commands for S-IVB stage early staging and S-IVB stage 
cutoff. . 


Trans lunar injection burn can be inhibited by spacecraft command. 
Alternate sequences for 09/H2 burner malfunction. 

Capability for second S-IVB stage burn without Spacecraft. 

Logic to provide two restart opportunities. 

Redundant guidance failure indication, 

Six dummy telemetry stations added to increase coverage during restart. 


Variable targeting calculation telemetry. 


10.2.2 Instrument Unit System Description 


A block diagram of the navigation, gu) daiics and eonerot av is oy) 
in Figure 10-1. 
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Figure 10-1. Navigation, Guidance and Control System Block Diagram 
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The LVDC is a high-reliability general purpose random-access digital 
computer which contains the logic circuits, memory, and timing system 
required to perform mathematical operations necessary for navigation 
guidance, and vehicle flight sequencing. The LVDC is also used for 
prelaunch and orbital checkout. 


The LVDA is the input/output device for the LVDC. These two components 
are digital devices which operate in conjunction to carry out the flight 
program. This program performs the following functions: 


a. Processes the inputs from the platform. 
b. Performs navigation calculations. 
En. Provides first stage tilt program. 
d. Calculates IGM steering commands. 


e. Resolves gimbal angles and steering commands into the vehicle system 
for attitude error commands. 


f. Issues cutoff and sequencing signals. 


The ST-124M-3 inertial platform assembly is a three-gimbal configuration 
with gas bearing gyros and pendulous integrating gyro accelerometers 
mounted on the stable element to provide an inertial space-fixed coordi- 
nate reference frame for attitude control and navigation measurements 
(see Figure 10-2). Vehicle accelerations and rotations are sensed 
relative to the stable element. Gimbal angles are measured by resolvers 
which have both fine and coarse outputs. Inertial velocity is obtained 
from measurements of the angular rotation of the accelerometer measuring 
seek The data are in the form of encoder outputs which have redundant 
channels. 


10.3 GUIDANCE COMPARISONS 


The postflight guidance hardware error analysis is based on comparisons 

of the ST-124M-3 platform measured velocities with the postflight trajectory 
(OMPT), established from external tracking data. Figure 10-3 presents 
comparisons. of the platform measured velocities with corresponding vaiues 
from the final postflight trajectory. A positive difference indicates 
trajectory data greater than the platform measurement. The velocity 
differences shown for the pitch plane (range and altitude) are essentially 
zero from T3 to parking orbit insertion. The differences during the S-IC 
stage flight probably result from roughness in the data. 


The crossrange velocity difference builds up to -1.45 m/s (-4. 1s Hs) by 
S-IVB first cutoff. There appears to be a velocity bias of about -0.2 m/s 
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Figure 10-2. Platform Gimbal Configuration 


(~-0.66 ft/s) which is probably in the trajectory data. However, the 
differences at parking orbit insertion are well within the accuracy of — 
either the tracking data or 3 sigma hardware errors. | : 


The velocity differences are relatively smal] and well within the accuracy 
of the tracking data and/or the alignment of the platform after 9659.54 
seconds. Since the platform velocities are set to zero in the LVDC after 
parking orbit insertion and held to zero until Tg, the comparisons represent. 
the differences accumulated during Tg only. The crossrange velocity dif- 
ferences exhibit a characteristic shape which could result from an 


accumulated platform misalignment about the X or Z axes or some combination 


of small angles. However, this represents a very small platform drift. 
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Figure 10-3. Tracking and ST-124M-3 Platform Velocity Comparison (Trajectory Minus Guidance) 


oe gt! aera 


The range velocity differences taken alone could result from an accumu- 

lated pitch alignment error. However, the trend of the altitude velocity 
differences are not consistent with the range difference curve. The 

inertial platform accelerations were positive in all three components 

during the entire S-IVB second burn mode. The crossrange accelerations 

were relatively small, which indicates that no reasonable alignment errors 

would produce the combination of range and altitude velocity differences. 

The differences are probably the result of limited ground tracking 

available for trajectory construction. In any case, the differences 

shown for the boost phase of flight are well within the accuracy of the : 
data compared. 


The velocities measured by the ST-124M-3 platform system at Significant 
flight event times ave shown in Table 10-1, along with corresponding 
values computed from the final OMPT and the preflight Operational Tra- 
jectory (OT), computed using the actual flight azimuth, The trajectory 
data were taken directly from both the OMPT and the OT. The OT platform 
velocities were initialized to zero at liftoff, which results in a plat- 
form OT altitude velocity error of 168.9 m/s low. However, the naviga- 
tion positions and velocities do not reflect this error. 


Comparisons of navigation (PACSS 13) positions, velocities, and flight 
path angle at significant flight event times are presented in Table 10-2. 
_ For the boost to parking orbit portion of flight, the guidance LVDC and 
OMPT parameters were in very good agreement. At parking orbit insertion, 
the velocity component differences were -0.21 m/s (-0.66 ft/s), -1.24 m/s 
(-4.07 ft/s) and 0.04 m/s (0.13 ft/s) for altitude, crossrange, and range 
velocities, respectively. The difference in total velocity was 0.12 m/s 
(0.39 ft/s). These differences are well within the accuracy of either 
the trajectory data or the 3 sigma guidance hardware errors. 


The vehicle was approximately 1.0 kilometer (3281 ft) lower in altitude 
than nominal at S-IC OECO. The burn time from T2 to T3 was about 2.49 
seconds longer than nominal and the total velocity was 12.79 m/s (41.96 
ft/s) greater than nominal. However, the optimum fuel usage trajectory 
determined by the LVDC flight program was predictable and satisfactory 
end conditions were obtained. At S-IVB first cutoff, the radius and ~ awh 

total velocity were 54 meters (177 ft) greater and 0.01 m/s (0.03 ft/s) ee 
less than nominal, respectively. : | F 


The comparisons for the second burn mode of the S-IVB are very good, with 
both the postflight and preflight trajectory values. This indicates a - 
near nominal parking orbit computed by the LVDC and also near nominal Be: 

second burn mode. At S-IVB second cutoff, the respective radius and ae 
total velocity differences (trajectory minus LVDC) were 0.301 kilometer a 
(988 ft) and -1.99 m/s (-6.53 ft/s) for the postflight trajectory and | 
-3.118 kilometers (-10,230 ft) and 2.78 m/s (9.12 ft/s) for the preflight ‘a 
trajectory. Since the S-IVB second cutoff was pased on energy rather | 
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Table 10-1. Inertial Platform Velocity Comparisons 


EVENTS 


Start of To 
125.88 5s 


S-IC 
OECO 
153.82 s 


S-1VB | 
First Cutoff 
684.98 s 


Parking Orbit 
Insertion 
694.98 s 


ATA 
SOURCE 





Guidance — 


Postflight 


Trajectory| 


Preflight 
Trajectory 


Guidance 


Postflight 
Trajectory 


Preflight 


| Trajectory 


Guidance 


Postflight 
Trajectory 


Preflight 
Trajectory 


Guidance 


Postflight 
Trajectory 


Preflight 
Trajectory 


Guidance 


Postflight 
Trajectory 


Preflight 
| Trajectory 


VELOCITY m/s (ft/s) 


ALTITUDE (%m) CROSS RANGE(%,)| RANGE (2 


2158.30 
(7081.04) 


2158.42 
(7081.43) 


2035.07 
(6676.74) 
. 2565.30 
(8416.34) 


2565.57 
(8417.22) 


2419.38 
(7937.60) 


3360.63 


(11,025.69) 


3360.70 
(11,025.92) 


3151.46 


(10,339.44). 


3123.60 
(10,248.03) 


3123.35 
(10,247.21) 


2942.82 


(9654.92) 


3123.15 
(10,246.56) 


3122.99 


(10,246.03) 


2942.31 
(9653.25) 
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m) 
1348.50 
(4424.21) 


1348.28 
(4423.49) 


1379.36 
(4525.46) 
2180.73 
(7154.63) 


2180.37 
(7153.44) 


2149.28 
(7051.44) 


6652.20 
(21,824.80) 


6652.31 


(21,825.16) 


6632.06 
_ (21,758.73) ° 


7599.72 


(24,933.46) 


7600.07 


(24,934.61) 


7598.07 
(24,928.05) 


7601.45 
(24,939.14) 


7601.46 
(24,939.17) 


7599.90: | 
(24,934.06) |. 












Table 10-1. Inertial Platform Velocity Comparisons (Continued) 
VELOCITY m/s (ft/s) 


DATA 
EVENTS SOURCE 
ALTITUDE (Xm) 














CROSS RANGE(Ym)} RANGE (Z,) 





















































S-IVB * | Guidance 1857.75 509.77 2532.63 
Second Cutoff (6094.98) (1672.47) (8309.15) 
Mamsasst Sl oaceH gut 1858, 37 505.73 2530.47 
Trajectory (6097.01) (1659.22) (8302.07) 
Preflight 1854.85 510.65 2534.37 
Trajectory (6085.47) (1675.36) (8314.86) 





































Injection * | Guidance 1859 .60 510.75 2535.90 

Waiting Orbit 7 (6101.05) (1675.69) (8319.88) 

yO 220079) >" 5 paseriight 1860.07 506.73 2533.60 
Trajectory (6102.59) (1662.50) (8312.34) 
Preflight 1856.74 619,71 2537.74 
Trajectory (6091.67) (1678.84) 


(8325.92) 





* Values represent velocity change from Time Base 6. - 
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Table 10-2. Guidance Comparisons 









POSITIONS VELOCITIES 
DATA (meters) m/s Ree aes) 
| (ft) (ft/s) g 











~ SOURCE 


~ | Guidance | 6,413,964 35,291 92,785| 6,414,732 760.51 123.49 1730.30 504.00 
Start of T2 (21 ,042,933)| (115,783) | (304,409) }(21,045,453)|  (2495.08)) (405.15) | (5676.77)| _ (6214.10) 


[LeaBe s Postflight | 6,413,973 35 ,264 92,731| 6,414,740 760.63 123.42 1730.12 1893.96 24.527 | 
Trajectory |(21,042,963)| (115,694) | (304,231) |(21,045,479)| _ (2495.47)} (404.92) | __(5676.18)| (6213.70) 





Preflight 6,415,917 34,841 93,470] 6,416,692 806.79 120.09 1761.10 1940.83 25.417 
Trajectory |(21,049,340)} (114,306) (306,656) |(21,051 ,883 (2646.92) (393.99) (5777.82) (6367.48) 
Guidance 6,437,045 38 646 152,013 6 438,956 897.63 116.56 2557.40 2712.8 20.689 
. (21,118,657)} (126,790) (498,724) | (21,124,927) (2944.94) (382.41) (8390.32) (8900.38) 
Postfiight 6,437,062 38,613 151,972| 6,438,971 898.03 116.34 2557.04 2712.65 20.699 
Trajectory |(21,118,713)} (126,682) (498,590) | (21,124,927); (2946.26) (381.69) (8389.14) (8899.66) 
6,438,162 37 ,863 147,517| 6,439,96 945.2 117.28 2526.49 2700.04 21.819 
Trajectory | (21,122,322)) (124,221) (483,974) | (21,128,231) (3101.24) (384.77) (8288.91) (8858.42) 
Guidance 6,328,539 77,211 1,740,077| 6,563,858 -1735.09 91.71 6596.03 6821.02 
(20,762 ,671)|. (253,314) | (5,708,845) |(21,534,705)| (-5692.35) (300.88)! (21,640.26)} (22,378.40) . 
Postflight 6,328,533} 76,895] 1,740,006] 6,563,830 -1734.94 90.09 6596. 20 6821.19 0.646 
Trajectory |(20,762,651)| (252,277) | (5,708,612) |(21,534,613)|  (-5692.06) (295.57) | (21,640:81)| (22,378.83) 
Preflight | 6,333,966 76,907} 1,725,502] 6,565,242 -1743.64 94.05 6582.90 6810.5 0.412 
Trajectory |(20,780,476)| (252,316) | (5,661,027)}(21,539,246)} (-5720.67) (308.56)| (21,597.18)} (22,344.12) 
Guidance 5,919,081 90,858] 2,834,490] 6,563,391 ~3365.8: 77.43 7025.99 7790.98  -0.00054 
7 (19,419,321 (298,087) | (9,299,395 |(21,533,173)} (-11,042.62) (254.03)} (23,050.87)| (25,560.65) 
Postflight 5 919,028 90,317| 2,834,500} 6,563,341 ~3366.13 76.15 7026.36 7791.43, -0.00126 
Trajectory |(19,419,147)| (296,312) | (9,299,428) }(21,533,009)} (-11,043.60) (249.83) | (23,052.08)| (25,562.12) 
_ | Preflight | 5,920,376 90,892] 2,831,738] 6,563,337 -3362.8 77.57 7027.43 7790.99] -0.00274 
| | Trajectory |(19,423,570)| (298,198) | (9,290,366) |(21,532,996) (-11,032.84) (254.49) | (23,055.59)| (25,560.68) 
Parking Orbit | Guidance 5,885,001 91,627] 2,904,566] 6,563,394 -3449 51 76.26 6987.24 7792.74 0.00171 
Insertion (19,307,511)| (300,610) | (9,529,300) |(21,533,183)| (-11,317.15) (250.19) | (22,923.74)| (25,566.36) 
Postflight | 5,884,944 91,072] 2,904,573] 6,563,337 -3449.72 75.02 6987.28 7792.8 0.00057 
Trajectory | (19,307,324)| (298,789) | (9,529,323) | (21,532,996)| (-11,317.84) (246.13)| (22,923.87) 


694.98 s 
(25 566.75) 
Preflight _ ,886 , ~. 91,662 2,901,828] 6,563,372 ~3446 . 60 76.41 6988.83 7792.89  -0.00047 
| Trajectory |(19,311,858){ (300,725) (21,533,111)! (-11,307.61) (250.69)| (22,928.95) 
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Table 10-2. Guidance Comparisons (Continued) 
POSITIONS | VELOCITIES FLIGHT PATH 


DATA | (Ft) 3 ANGLE — 
~ SOURCE | 


S-1VB 3.403; 15,403! -2,250,639] 6,707,297 4919.74 672.57 9627.15] 10,832.27 eileen! 4559 
Second. Cutoff (20,729,417)} (50,534) |(-7,383 eee ee (16,140.68) (2206.57) | (31,584.75)| (35,538.51) 

10,555.51 s  |-postflight | 6,316,612 15,148| -2,256 ,558 5707 ,598 4925.99 667.24 9622.07) 10,830.28, 7.4450 
| Trajectory |(20,723,541)| (49,698) I(-7,403,315) (22.006. 288)| (16,161.19)| (2189.08) | (31,568.09)| (35,531.98) 

Son te 3 Preflight 6 305 ,608 13,928] -2,277,088] 6,704,179 4943.71 673.57 9617.92] 10,835.05 7.341 
ie | Trajectory |(20,687,439)| (45,695) (-7,470,670) |(21,995,070)] (16,219.32) (2209.85) | (31,554.47)| (35,547.63) 

Injection "Guidance 6 367,203 22,138| -2,154,184] 6,721,776}, 4837.97 673.38 9659.40 10,824.21 7.9087 
Waiting Orbit ‘|(20,889,520)| (72,630) |(-7 067,447) |(22,052,803)| (15,872.41)| (2209.23) | (31,690.56)| (35,812.07) 

10,565.51 s [postflight | 6,365,470 21,828] -2,160,163} 6,722,052 4844.14 668.08 9654.27! 10,822.05 

| Trajectory | (20,883,834)} (71,613) |{-7,087,063) |(22,053,708)| (15,892.59) (2191.84) | (31,673.73)| (35,504.98) 


Preflight 6,354 ,646 20,673; -2,180,728 6,718,447 4862.04 674.48 9650.68 »827. 
Trajectory (20 848,323) (67 ,824) (-7 154,532) | (22,041,881)) (15,951.38)} (2212.83)] (31,661.95) (35,822.14) 


SL-OL - 


Vertical direction 
Crossrange direction 
Range direction 








than total velocity, the 2.78 m/s difference between the LVDC and pre- 
flight trajectory values does not represent the error in cutoff conditions. 
Second burn mode end conditions are given in paragraph 10.4. 


10.4 NAVIGATION AND GUIDANCE SCHEME EVALUATION 
10.4.1 Flight Program Performance 


The flight program performed correctly based on a review of available 
data. All boost and orbital navigation functions were performed pronerly. 
Accelerations were computed correctiy throughout all of boost and no 
unreasonable accelerometer readings were indicated by the reasonableness 
tests or zero change tests. 


The tower avoidance maneuver was executed properly at the expected time. 
The maneuver to remove the roll bias and the start of the time tilt pitch 
guidance were both initiated at 12.11 seconds when the altitude was greater 
than 138 meters (452.8 ft). The roll bias was removed at 31.52 seconds. 
Tilt arres® occurred at 145.50 seconds. The program detected OECO at 
153.82 seconds. 


The active guidance phases start and stop times are given in Table 10-3. 
Included in this table are the start and stop times for the artificial 

tau phases and chi freezes. There were 0.5 and 0.1 degree changes in 
commanded pitch and yaw, respectively, when IGM computations were initiated 
in S-II burn. The SMC's (a correction factor for thrust misalignments, et:.) 
were initiated at 214.47 seconds, 542.02 seconds, and 10,253.53 seconds in 
S-II, first S-IYB and second S-IVB burns, respectively. 


Table 10-3. Start and Stop Times for IGM Guidance Commands 
IGM PHASES TERMINAL GUIDANCE 
; (sec) : 
AR 0 


First Phase IGM 196.22 443.65 
Second Phase IGM 443.65 513.12 441.91 484.25] 





ATTITUDE FREEZE 
(CHI FREEZE) 
(sec) : 


ARTIFICAL TAU* 
(sec) 














513.12 














Third Phase IGM 532.87 677.60 523.63 540.01). 652.87 677.60 677.60 684.85** 


Fourth Phase IGM 10,245.83 10,247.73 ]10,244.17 10,246.06 





Fifth Phase IGM "10,247.73 10,553.37 10,246.06 10,247.96 | 10,528.32 10,553.37 | 10,553.37 10,555.38** 


*. Times to nearest computation cycle. 
** Start orbital time line _ - - ; © igh ae : 


The presetting of tau 3 was approximately 88 seconds too small in the first 
S-IVB burn and approximately 80 seconds too large in the second. In first 
S-IVB burn this resulted in a change of 11.5 and 0.29 degrees in the pitch 


£ 
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and yaw commands, respectively. For the second S-IVB burn, the change 
was 3.0 and 6.6 degrees in pitch and yaw, respectively. The computed 
cutoff times in first and second burns were 684.98 seconds and 
10,555.51 seconds, respectively. The velocity cutoff conditions for 
first S-IVB burn are given in Table 10-4. The energy cutoff conditions 
for second S-IVB burn are given in Table 10-5. 


The orbital guidance routine was entered at the start of T5 and 77. The 
program commanded the vehicle to local horizontal 20 seconds into each 
time base. All commands were proper. 


10.4.2 Attitude Error Computations 


The minor loop performed as expected during flight. No unreasonable 
gimbal angles were detected. Performance during IGM flight is shown 
in Figure 10-4, 


A roll attitude error from 0.3 to 0.5 degree was present from liftoff 
through S-II burn. This was probably caused by a combination of CG off- 
set and thrust vector misalignment. In response to this bias, the 
platform roll gimbal angle was maintained 0.3 to 0.5 degree away from the 
commanded angle. This gimbal angle bias was recognized correctly by the 
Flight program and entered into the control coordinate transformation. 
Consequently, no deterioration of control performance occurred. 


10.4.3 Program Sequencing 


All programmed events occurred properly. The successful translunar 
injection essentially demonstrated that all program sequencing was 
followed. 


However, the propellant mixture ratio change was programmed to occur when 
"time-to-go" in the first stage IGM (T11) was calculated to be zero. The 
LVDC program was compatible with the OT and Engine Mixture Ratio (EMR) 
shift occurred 289.62 seconds, compared with 289.66 seconds for the OT. 
The time difference (0.04 seconds) is within the length of a LVDC computer 
cycle (approximately 1.7 seconds) at this time. EMR shift occurred as 
programmed. However, the propulsion predictions used in the OT assumed 

é fixed time of 284.05 seconds in T3. 


The actual EMR shift time was consistent with the preset value of 246.5 


seconds for TjI. In order to be consistent with the propulsion predictions, 


‘the guidance presetting for T]1 should have been reduced by 4.2 seconds to 
242.3 seconds. Also, TgI presetting would nave had to be increased by 
the same amount to be compatible with the propulsion prediction. 
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Table 10-4. S-IVB First Burn Guidance Cutoff Conditions 


PARAMETER UNIT TARGET ACTUAL DELTA 
VALUE VALUE 






Range Time S 684.98 
Velocity m/s 7791 .0608* 7790 ..986 0.075 
| . (ft/s) (25,561.2231) (25560 .978) (0.245) 
Radius meters 6 563 ,366 6 563,392 26 
| (ft) (21,533,354) |. (21,533,439) (85) 
Inclination deg 32.5031 32.5036 0.0005 
Descending Node deg 123.004 123.004 0.0000 
Path Angle deg 0.0 0.00063 | 0.00063 
Azimuth deg 72.1239 | 
A meters 6,563,411 
ge (Ft) (21,533,501) 





(ft) (21,510,787 


; *The preset velocity, 7793.0429, is biased by 1.98215 to compensate for thrust 
| decay (7793.0429 - 1.98215 = 7791.0608). 


Table 10-5. Guidance Comparisons Elliptical Orbit Parameters 
«t S-IVB Second Cutoff 


PARAMETER UNITS DATA SOURCE 

























. bess 
Eccentricity : 
7 (ft2/s2)| (-16 343,609) |(-16,753,229) |(-16,290 ,597) 


*Includes* longitude of launch site (80.604 degrees west) 
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Figure 10-4. 
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Attitude Errors During IGM Flight 








10.5 GUIDANCE SYSTEM COMPONENT EVALUATION 
10.5.1 LVDC Performance 
The LVDC performed as predicted for the AS-503 mission. No valid error 


monitor words and no self-test error data have been observed that indicate 


any deviation from correct operation. 
10.5.2 LVDA Performance 


The LVDA performance was nominal. Error monitor words with associated 
error time words occurred on this flight as on past flights. These words 
were associated with the TMR logic inputs to the interrupt processor. 
These indications had no detectable effect on the performance of the 
LVDA during the flight. 


10.5.3 Ladder Outputs 

The ladder networks and converter amplifiers performed satisfactorily. 
No data have been observed that indicate an out-of-tolerance condition 
between channel A and the reference channel converter-amplifiers. 
10.5.4 Telemetry Outputs 

Analysis of the available analog telemetry buffer and flight control 
computer attitude error plots indicated symmetry between the buffer 
outputs and the ladder outputs. The analysis of the available LVDC power 
supply plots indicated satisfactory pete of the power supply 
telemetry buffers. 

10.5.5 Discrete Outputs 


No valid discrete output register words (TAGS 043 and 052) were observed 
to indicate guidance or simultaneous memory failure. 


10.5.6 Switch Selector. Functions 


Switch selector data indicate that the LVDA switch selector functions were 


performed satisfactorily. No error monitor words were observed that 
indicate disagreement in the TMR switch selector register positions or in 
the switch selector feedback circuits. No mode code 24 words or switch 
selector feedback words were observed that indicated a switch selector 
feedback was in error. In addition, no indications were observed to 
suggest that the B channel input gates to the switch selector register 
postions were selected. 


10.5.7 ST- 124M- 3 Inertial Platform Performance 


The inertial platform system performed as designed with no unexpected 
deviations. | 
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The accelerometer servo loops functioned as designed and maintained the 
accelerometer float within the measuring head stops (+6 degrees) through- 
out the flight. The accelerometer encoder outputs indicated that the 
accelerometers accurately measured the vehicle acceleration. 


The X, Y, and Z gyro servo loops for the stable element functioned as 
designed. The operational limits of the servo loops were not reached at 
any time during the mission. Telemetry from the LVDC indicates that the 
inertial reference was still being maintained at 25,420 seconds. 


Oscillations of 5.5 hertz could be seen on an oscillogram of the Z gyro 
pickup signal beginning at 116 seconds and ending at 158.8 seconds. These 
oscillations were apparently the result of an external force since they 
were also observed on a longitudinal accelerometer not associated with the 
platform. Maximum amplitude reached 0.2 degree peak-to-peak at S-IC 
cutoff. Similar oscillations were observed on AS-502. 


The fine and backup gimbal resolver outputs indicated nominal performance. 


The portions of the environmental control subsystem associated with the 
ST-124M-3 stabilized platform subsystem performed nominally through 
10,700 seconds. Subsequent data is not available at this time. 


Available data indicates that all temperatures and pressures associated 
with the ST-124M-3 remained within specifications through 13,410 seconds. 
Gaseous Nitrogen (GN2) and coolant flowrates also were nominal through 
13,410 seconds. | 


The ST-124M-3 inertial platform assembly vibration levels during (or near) 
liftoff for AS-503 compared closely to those of AS-501 and AS-502. The 
vibration levels of all three vehicles (during the liftoff period) were 
Similar in both amplitude and frequency. Four measurements exceeded the 
test specification for vibration acceptance on AS-503. This is a 
previously reported condition which is not believed to be detrimental to 
the stabilized platform subsystem. 


Figure 10-5 shows a time history of the composite Grms level of vibration 
measured on the inertial gimbal during the first 140 seconds of flight 
for AS-503, AS-502, and AS-501. This figure shows a similarity of the 
vibration profile for all three flights. : . 


From an analysis of the available data, the following conclusions regard- 
ing ST-124M-3 inertial platform assembly vibrations on AS-503 have been 
reached: : ae “ | : 


a. There were no vibration-induced malfunctions of the ST-124M-3 inertial 
platform on AS-503, er : : 
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VIBRATION (Grms) 


The low-frequency vibrations at liftoff exceeded the random vibration 
test specifications in the perpendicular and longitudinal directions. 


The vibration profile of AS-503 was similar to those of AS-501 and 
AS-502. 


Data indicates that the vibration frequency and amplitude of AS-503 
will be typical of AS-504, 
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Figure 10-5. Saturn V Inertial Gimbal Vibrations 
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SECTION 11 
CONTROL SYSTEM 


11.1 SUMMARY 


The AS-503 Flight Control Computer (FCC), Thrust Vector Control (TVC), 

and Auxiliary Propulsion System (APS) satisfied all requirements for 
vehicle attitude control during boost and orbital control modes. Bending 
and slosh dynamics were adequately stabilized. The programmed 1.25 degree 
yaw maneuver to provide tower clearance was properly executed, making 
vehicle-tower clearances during liftoff satisfactory with less than 25 
percent cf the available margins utilized. At 12.11 seconds a simultaneous 
pitch-roll maneuver was begun. The vehicle rolled about 18 degrees to the 
(72.124 degree flight azimuth. Vehicle response to the steering commands 
(attitude error signals) was nominal, and the roll and pitch programs 

were satisfactorily completed. 


To improve S-IC outboard engine out characteristics, the FCC control 
outputs to the F-1 engines were biased to provide a 2-degree outboard 

cant beginning at 20.64 seconds. The canting had negligible effect on 

the control system. The wind biased pitch tilt program resulted in nominal 
control system activity and low angles-of-attack during the high dynamic 
Pressure region of flight. Throughout S-IC boost the control system was 
required to correct for a steady state roll torque which resulted in a 

roll attitude error of +0.4 degree. 


_S-IC/S-II first and second plane separations were satisfactory, resulting 
in minimum disturbance to the control system. The Programmed Mixture 
Ratio (PMR) shift resulted in only a small attitude change. Following 
PMR shift the rate gyros detected an 18 hertz oscillation; however, the. 
FCC filter networks attenuated the signal so that the oscillation could 
not be seen in the actuator currents. The S-II stage also experienced 

a steady state roll torque resulting in a roll attitude error of +0.5 
degree. | 


S-II/S-IVB separation was nominal and caused only small attitude disturb- 


ances. Control system activity during first and second S-IVB burns was 
nominal. At third stage Iterative Guidance Mode (IGM) initiation, there 
was an attitude disturbance in the pitch plane, reaching a 2.2-degree 
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attitude error. The first LOX slosh frequency was observed jin the pitch rate 
during the first 20 seconds of S-IVB second burn. The vehicle experienced 

a small clockwise roll torque of 7 to 8 N-m (5 to 6 Ibf-ft) during both 
burns, resulting in minimal APS propellant consumption for roll control. 


At approximately 20 seconds after S-IVB first and second cutoffs, the 
vehicle was maneuvered to align the longitudinal axis along the local 
horizontal. At approximately 908 seconds after second S-IVB cutoff, the 
vehicle waS commanded through a 120-degree pitch up and a 180-degree 
counterclockwise roll maneuver to obtain the desired Command and Service 
Module (CSM) separation and S-IVB communications attitude. Following 
CSM separation the launch vehicle maintained a frozen inertial attitude 
until 6541 seconds after second cutoff, when the vehicle was commanded 
to the "slingshot" maneuver attitude (180 degrees pitch, 0 degree yaw, 
and 180 degrees roll attitudes relative to local horizontal). This 
attitude was inertially held through the maneuver. 


At approximately 19,556 seconds the S-IVB ullage engines were ignited to 
provide additional AV for the "slingshot" maneuver. Ullage engine No. 2 
propellant depleted at 20,288.56 seconds, and engine No. 1 depletion 
occurred at 20,314.00 seconds. Since the ullage engines and the APS 
modules use the same propellant supply, no APS control was available sub- 
sequent to depletion. The Launch Vehicle Digital Computer (LVDC) was 
still issuing valid attitude commands at 21,214 seconds since angular 
rates following depletion were small and the attitude reference was not 
lost. However, the pitch, yaw, and rol] attitude errors had all reached 
their 6.0-degree ladder limit at that time. 


11.2 CONTROL SYSTEM DESCRIPTION 


Figure 10-1 (Section 10) shows the interconnection and signal flow paths 
of the control components as they relate to the guidance components. 


Vehicle attitude correction is accomplished in accordance with the require- 
ments of the guidance system through attitude error signals. These signals 
aye denerated by the LVDC and Launch Vehicle Data Adapter (LVDA). During — 
SIC stage burn, attitude steering commands are the result of the pre- 
programmed yaw and roll maneuvers and the time tilt pitch program. At 

the initiation of IGM during S-II burn, attitude steering commands become 
the result of guidance system computations. — | : 


The AS-503 FCC, which is essentially identical to the AS-502 FCC, is an 
analog computer which generates the proper commands for the S-IC, S-Il, 
and S-IVB stage engine actuators and S-IVB stage APS. In generating the 
engine commands, the FCC processes and combines attitude error signals | 
from the LVDA and angular velocity signals from the Control-EDS Rate — 
Gyros/Control Signal Processor (CSP). eae Sb ge : ee 


S-IVB stage attitude control commands to the APS are provided to the roll 
axis during S-IVB stage burn and to a1 three control axes during coast. 


The Control-EDS Rate Gyros/CSP used on AS-503 were essentially identical 
to those used on AS-502. The Control-EDS Rate Gyros/CSP combination 
provides angular velocity signals to the FCC for dynamic feedback. The 
Control-EDS Rate Gyros contain nine rate gyros, three in each axis. On 
AS-503 the S-IC outboard engines were canted 2 degrees outboard beginning 
at about 20 seconds. 


11.3. S-IC CONTROL SYSTEM EVALUATION 


The AS-503 control system performed satisfactorily during S-IC powered 
Flight with all control variables within predicted envelopes. The 2-degree 
outboard canting of the control engines was accomplished as planned. 


Vehicle liftoff acceleration was as predicted and was similar to the AS-502. 
The vehicle cleared the launch platform and tower using less than 25 percent 
of the available clearance. The pitch, yaw, and roll guidance maneuvers 
were executed as planned. 


The vehicle performed within flight dynamic constraints throughout flight. 
In the region of high dynamic pressure the maximum angles-of-attack were 
2.0 degrees in pitch and 2.5 degrees in yaw. The maximum average pitch 
engine deflection was -0.5 degree due to a wind shear and the maximum 
average yaw engine deflection was -0.5 degree due to the yaw maneuver. 


Pie Liftoff Clearances 


The vehicle cleared the mobile launcher structure using less than 25 percent 
of the available clearance as shown in Table 11-1. The ground wind was 

from the north with a magnitude of 5.1 m/s (10 knots) at the 18.3 meters 
(60 ft) level. The liftoff vertical motion, as shown in Figure 11-1, was 
very close to predicted. The release forces of the 12 lubricated rods 

were slightly higher than predicted. Table 11-2 compares the vehicle 


misalignments measured during flight with preflight measurements. 


The clearance between the vehicle thrust structure and the holddown post 
as determined by liftoff cameras is shown in Figure 11-2. Also shown is 
the motion of engine No. 2 with respect to the holddown post at position 
IIT. The motion of the vehicle was nearly vertical with 1.9 centimeters 
(0.75 in.) of lateral motion at the 61 centimeters (24.0 in.) level. The 
actual motion was within the predicted clearance envelopes. Following 
holddown arm release, the vehicle rolled to a trim angle of +0.4 degree. 
This roll motion resulted in 2.5 centimeters (1 in.) of tangential motion 
: Got which compares to an availabie clearance of 1.2 meters — 
(2.9. Ft), 20" a oe | ee ae ee ae | 
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Table 11-1. Summary of Liftoff Clearances 













ACTUAL 
CLEARANCE 
cm (in.) 






AVAILABLE 
CLEARANCE 
cm (in. ) 


POTENTIAL INTERFERENCE 


VEHICLE GROUND EQUIPMENT 














































Thrust Structure Holddown Post 8.26 (3.25) 7.1 (2.8) 

Engine Bell Holddown Post 85.1 (33.5) |74.9 (29.5) 

Service Module SM Swing Arm Variable * 

S-IVB Stage S-IVB Forward Swing Variable = 
Aym 

S-II/S-IVB S-I1VB Aft Swing Arm Variable i 

Interstage 

S-JI Stage S-II Forward Swing Variable i 
Arm 

S-II Stage S-II Intermediate Variable * 
Swing Arm ; 

Fin Tip Swing Arms 862.79 (339.68) 650 (256) 


Ea aS RES EATA 'AS 


* Camera data indicates clearance, no quantitative data available. 


Figure 11-3 shows that the combination of the yaw maneuver and the wind 
blowing away from the tower resulted in a clearance of 11.0 meters (36 ft) 
between S-IC fin tip A and the top of the tower. Flight data were taken 
from a camera located due east of the mobile launcher. Center engine 
translation and the exhaust plume angles for each of the five S-IC engines 
during the first 240 meters (787 ft) of vertical flight are also shown in 
Figure 11-3. Center engine translation was a maximum of 12 meters 

(39.4 ft) south and 8 meters (26.2 ft) east. 


11.3.2 S-IC Flight Dynamics 


Table 11-3 lists maximum control parameters during S-IC burn. Pitch, yaw, 
and roll time histories are shown in Figures 11-4 through 11-6. Dynamics 
in the region between liftoff and 35 seconds resulted primarily from 
guidance commands. Maximum yaw and rol] dynamics occurred in this region 
as follows. Maximum yaw rate was -0.6 degree at 12.4 seconds, maximum yaw 
error was -1.3 degrees at 3.1 seconds, and maximum yaw engine deflection 
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Figure 11-1. Liftoff Vertical Motion and Slow Release Forces 
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Table 11-2. AS-503 Misalignment Summary 


| PREFLIGHT PREDICTED . LAUNCH 
PARAMETER PITCH | PITCH 


Thrust Misalign- 
ment, deg 








Inboard Engine 
\Cant, deg 


Servo Amp Offset 
deg/eng 


Vehicle Stacking 
and Pad Misalign- 


ment, deg 

Peak Soft Release 316,000 (71,000) 350,000 (78,700) 

Force per Rod, 

N (IbF) 

Wind 95 Percentile Envelope | 5.1 u/s (10 knots) at 
18.3 meters (60 ft) © 

Thrust to Weight | 1.247 1.247 

Ratio 


= Thrust vector measurement uncertainty. 


** A positive polarity was used to determine minimum fin tip/umbilical tower 
clearance. A negative polarity was used to determine vehicle/GSE 
‘clearances. | 


was -0.5 degree at 3.1 seconds. The maximum rol] rate was 1.3 deg/s at 
14.2 seconds, and the maximum roll error was 0.7 degree at 32.3 seconds. 


The AS-503 was the first Saturn V vehicle to fly with the control engines 
canting radiaily outboard 2.0 degrees beginning at 20.64 seconds. This 
feature was added to improve engine out characteristics and performed as 
predicted. The canting of the control engines was not perceptible in the 
pitch and yaw dynamics and caused only a small transient in roll. Roll 
transients show more oscillation at the roll control frequency than the _ 
Simulation, indicating that the actual roll damping is lower than predicted. 
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Figure 11-2. Liftoff Lateral Motion (Position IIT) 
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Table 11-3. Maximum Control Parameters During S-IC Boost Flight 


PITCH PLANE YAW PLANE ROLL PLANE 


PARAMETERS UNITS MAGNITUDE RANGE} MAGNITUDE RANGE | MAGNITUDE RANGE 
TIME ° TIME 
(SEC) (SEC) 
Attitude Error deg 1.3 *3..1 +0.7 +32.3 
Angular Rate deg/s +0.6 +4 to 13) =+1.3 +14.2 
Average Gimbal Angle deg -0.5 +3.1 +0.2 +31.9 
Angle-of-Attack deg 42.5 +51.4 
Angle-of-Attack Dynamic] deg-N/cm2 +5.05 +515 
Pressure Product (deg-Ibf/in.@ (7.32) | 
Normal Acceleration m/s@ <0.4 
(ft/s) (<1.3) 





In the region between 35 and 140 seconds, maximum dynamics were caused by 
the pitch tilt program, the wind, and wind shears. The pitch and yaw 
plane wind velocities and angles-of-attack are shown in Figure 11-7. The 
peak angle-of-attack in pitch was 2.0 degrees at 75 seconds and the peak 
yaw angle-of-attack was 2.5 degrees at 51 seconds. Peak engine deflection 
in pitch was -0.5 degree at 113 seconds. The maximum pitch rate was -1.0 
deg/s at 83 seconds and resulted from the combined effects of pitch 
guidance and winds. Maximum pitch error was 1.2 degrees at 76 seconds. 
Significant dynamics due to wind shears occurred in yaw at 80 seconds and 
in pitch at 106 seconds. Figure 11-8 shows the normal acceleration com- 
ponents as seen in the IU and extracted from the platform accelerometer 
data. The maximum normal acceleration was less than 0.04 g in pitch and 
yaw. 


i 
The transient at Inboard Engine Cutoff (IECO) indicates that the actual 
center engine cant was approximately equal to the predicted cant of +0.11 
degree in pitch and -0.08 degree in yavi. At outboard engine cutoff the 
vehicle had attitude errors to trim out the effects of thrust unbalance, 
offset center of gravity, thrust misalignment, and control system mis- 
alignments. | : 


Engine response to slosh is shown in Figure 11-9. The figure was derived 
by passing measured engine deflection time histories through bandpass 
filters, retaining only slosh frequencies. The small engine motion at 
slosh frequencies other than at the time of known disturbances indicates 
that slosh was adequately stabilized. The engine response to slosh was © 
approximately 0.05 degree peak-to-peak. The maximum slosh amplitude in 
the S-IC fuel tank was 0.27 meter (10.5 in.) in pitch at 13.8 seconds and 
0.24 meter (9.5 in.) in yaw at 11.4 seconds. The maximum slosh amplitude 
in the S-IC LOX tank was 0.21 meter (8.4 in.) in pitch at 75.4 seconds 
and 0.22 meter (8.8 in.) in yaw at 78.6 seconds. 7 
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_ Figure 11-8. Normal Acceleration During S-IC Powered Flight 
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11.4 S-II CONTROL SYSTEM EVALUATION 


The S-II stage attitude control system performance was satisfactory. 
Analysis of the magnitude of modal components in the engine deflections 
revealed that vehicle structural bending and propellant sloshing had 
negligible effect on control system performance. The maximum values of 
control parameters occurred in response to S-IC/S-II separation disturbances 
and nonuniform J-2 engine thrust buildups. At that time attitude rates 

for pitch, yaw, and roll were 0.2, 0.1 and 1.4 deg/s, respectively. The 
response at other times (such as initiation of IGM guidance, initiation of 
first artificial tau mode) was within expectations. 


11.4.1 Attitude Control Dynamics and Stability 


Between the events of S-IC OECO (153.82 seconds) and initiation of IGM 
(196.22 seconds), attitude commands were held constant. Significant 
events which occurred during that interval were S-IC/S-II separation, S-II 
stage J-2 engine start, second plane separation, and Launch Escape Tower 
(LET) jettison. The attitude control dynamics throughout this interval 
indicated stable operation as shown in Figures 11-10 through 11-12. Steady 
state attitudes were achieved within 10 seconds from S-IC/S-II separation. 
The maximum control excursions occurred in the roll axis following S-IC/ 
S-II separation when 1.4 deg/s rate and -1.0 degree attitude error 
occurred, aS shown in Table 11-4. The principal attitude error of 
approximately 0.5 degree for the roll axis was maintained throughout the 
S-II boost due to thrust and engine misalignments producing a constant 
roll torque. Similar roll offsets existed during the AS-501 and AS-502 
flights. : 


IGM was initiated at 196.22 seconds, and the flight control computer 
received thrust vector control commands to pitch the vehicle down as shown 
in Figure 11-10. During IGM, the vehicle pitched down at a constant com- 
manded rate of approximately -0.1 deg/s. During the transient interval 
following initiation of IGM guidance, the. engines deflected 0.3 degree in 
pitch. This transient magnitude was significantly less than on the AS-501 
and AS-502 flights. ye | 


The effects of steering misalignment corrections and flight control gain 
switch points 3 and 4 had no noticeable effect upon control performance. 
Steering misalignment corrections were less than +0.1 degree in pitch and 
+0.2 degree in yaw. The effects of initiating the first artificial tau 
mode at 443.7 seconds were most apparent in the pitch axis when a -0.2 deg/s 
pitch rate occurred. At S-II stage engine cutoff, the attitude errors 

and rates were at or near null. 


During the interval 480 to 520 seconds, the attitude control rate gyros — 
detected an 18 hertz oscillation. The magnitudes sensed were approximately 
1.0, 0.6, and 2.5 deg/s for the pitch, yaw, and roll axes, respectively. 
The filters of the flight control computer filtered this high frequency 

so that the control system did not respond to these oscillations. 
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Figure 11-10. Pitch Plane Dynamics During S-II Burn 
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Figure 11-12. Roll Plane Dynamics During S-II Burn 
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Table 11-4. Maximum Control Parameters During S-II Boost Flight 


PARAMETER S-IC/S-II FIRST PHASE [FIRST ARTIFICIAL] S-I1 
SEPARATION |IGM INITIATE|TAU INITIATE CUTOFE 


Pitch Plane 





Attitude Error, deg +0.3 +0.4 -0.2 
Body Rate, deg/s -0.1 -0.2 +0.2 
Average Gimbal Angle, deg +63 +0.1 Nuid 
Slosh Component of Average 
Gimbal Angle, deg 70.07 +0.02 - 
Yaw Plane | 
Attitude Error, deg £0] -0.] -0.2 
Body Rate, deg/s Nul} Null Null 
Average Gimbal Angle, deg +0.1 Nul] Null 
Slosh Component of Average 
‘Gimbal Angle, deg | +0.05 +0.01 - 
Roll Plane 
Attitude Error, deg +0.5 +0.6 +0.4 
Body Rate, deg/s Null 


Average Gimbal Angle, deg +0.1 





Simulated data is shown for comparison in Figures 11-10 through 11-12. 
Differences between the simulated and actual flight data are attributed 
largely to uncertainties in the J-2 engine thrust buildup and engine and 
thrust misalignments. Thrust vector misalignments were estimated to be 
-0.22, -0.11, and 0.13 degree for pitch, yaw, and roll, respectively. 


11.4.2. Liquid Propellant Dynamics and Their Effects on Flight Control 


The effect of liquid propellant slosh upon the flight control system was 
estimated from the slosh mode components of the engine deflections as 
presented in Figure 11-13. The engine deflections were analyzed using 
bandpass filtering. The largest slosh component magnitudes at initiation 
of first phase IGM were 0.07 and 0.05 degree for pitch and yaw gimbal 


angles, respectively. Peak magnitudes of slosh components of engine gimbal 


angles at S-II engine start were not determinable due to data dropout; 


however, the data indicated that slosh was adequately stabilized through- 


out S-II boost flight. 
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11.5 S-IVB CONTROL SYSTEM EVALUATION 


-The S-IVB TVC system provided satisfactory pitch and yaw control during 
powered flight. The APS provided satisfactory roll control during first 
and second burns. 


During S-IVB first and second burns, control system transients were 
experienced at S-II/S-IVB separation, guidance initiation, chi bar guidance 
mode, chi freeze, and J-2 engine cutoff. These transients were expected 
and were well within the capabilities of the control system. 


11.5.1 Control System Evaluation During First Burn 


The S-IVB first burn attitude control system response to guidance commands 
for pitch, yaw, and rol] are presented in Figures 11-14, 11-15, and 11-16, 
respectively. The significant events related to control system operation 
are indicated in each figure. Flight oscillations were experienced on the 
pitch and yaw guidance commands due to J-2 thrust oscillations. These 
oscillations were well within the capabilities of the control svstem. The 
maximum attitude errors and rates occurred at IGM initiation. A summary 
of the first burn maximum values of critical flight control parameters is 
presented in Table 11-5. 


Table 11-5. Maximum Control Parameters During S-IVB First Burn 


PARAMETER S-II/S-IVB | BEGIN CHI | S-IVB FIRST 
SEPARATION , | BAR CUTOFF | 
GUID. INITIATION 
AND ART. TAU 


, Pitch Attitude Error, deg +2.2 
Yaw Attitude Error, deg -0.2 
Roll Attitude Error, deg — 20.8 
Pitch Rate, deg/s | Sea 3 | 
Yaw Rate, deg/s | 
Roll Rate, deg/s 
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Yaw Actuator Pos., deg 
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Figure 11-14. Pitch Plane Dynamics During S-IVB First Burn 
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Figure 11-15. Yaw Plane Dynamics During S-IVB First Burn 
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Figure 11-16. Roll Plane Dynamics During S-IVB First Burn 
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The pitch and yaw effective thrust vector misalignments during first burn 
were +0.21 and -0.17 degree, respectively. 


As experienced on previous flights a steady state roll torque of 8.54 N-m 
(6.3 lbf-ft), clockwise looking forward, required roll APS firings during 
first burn. This roll torque is considerably less than the previously 
experienced maximum of 54.2 N-m (40 Ibf-ft) on AS-502. The previously 
experienced minimum roll torque of 8.1 N-m (6 Ibf-ft) was on AS-203. 


During S-IVB burn mode and ullage burn following J-2 engine cutoff, an 18 
hertz oscillation was also seen in the rate signals; however, this was 
not unexpected as a similar condition was seen on previous flights. The 
pitch and yaw control system filter networks properly attenuated the 
signal. To prevent deterioration of the pseudorate modulator operation 
and saturation of the spatial amplifiers, low pass filters with a 1.9 
hertz cutoff frequency were installed in the spatial amplifiers. The 
filters apparently were satisfactory as there was no deterioration in the 
APS operation. 


Propellant sloshing during first burn was observed on data obtained from 
the Propellant Utilization (PU) sensors. The propellant slosh amplitudes 
and frequencies were comparable to those experienced on previous flights 
and did not have an appreciable effect on the control system. LHo slosh 
during first burn was well damped by the LH» baffle and deflector, as 

expected, resulting in negligible LHo slosh amplitudes during first burn. 


11.5.2 Control System Evaluation During Parking Orbit 


The APS provided satisfactory orientation and stabilization during parking 
orbit. Following S-IVB first cutoff, the vehicle was maneuvered to the 
local horizontal (through approximately 16 degrees), and an orbital pitch 
rate was established. The pitch, yaw, and roll control system responses 
are shown in Figures 11-17, 11-18, and 11-19, respectively. 


11.5.3 Control System Evaluation During Second Burn 


The S-IVB second burn attitude control system response to guidance commands 
for pitch, yaw, and roll are presented in Figures 11-20, 11-21, and 11-22, | 
respectively. The significant events are indicated in each figure. The 
effect of the thrust oscillations on the pitch and yaw guidance commands — 
was more pronounced during second burn, as seen in Figures 11-20 and 11-21. | 
The maximum attitude errors and rates occurred near guidance initiation. 

A summary of the second burn maximum values of critical flight control 

- parameters is presented in Table 11-6. | | no °8 
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The pitch and yaw effective thrust vector misalignments during second burn — 
were +0.32 and -0.24 degree, respectively. The steady state roll] torque 
during second burn was 7.34 N-m (5.41 Ibf-ft). - 
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Figure 11-17. Pitch Attitude Control During Maneuver to Local 
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Figure 11-18. Yaw Attitude Control During Maneuver to Local 
Horizontal Following S-IVB First Burn | | 
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Figure 11-19. Roll Attitude Control During Maneuver to Local. | 
Horizontal Following S-IVB First Burn | 
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Figure 11-20. Pitch Plane Dynamics During S-IVB Second Burn 
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Figure 11-21; Yaw Plane Dynamics During S-IVB Second Burn 
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Figure 11-22. Roll Plane Dynamics During S-IVB Second Burn 
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Table 11-6. Maximum Control Parameters During S-IVB Second Burn 


ent 







IGNITION AND CHI CHI 






PARAMETER GUIDANCE ~ BAR FREEZE - ne 

INITIATION | j 
Pitch Attitude Error, dag 7 +0.3 
Yaw Attitude Error, deg -0.4 
Roll Attitude Error, deg -0.2 
Pitch Rete, deg/sec +0.1 
Yaw Rate, deg/sec -0.2 
Roll Rate deg/sec +0.] 
Pitch Actuator Position, deg +0.4 
Yaw Actuator Position, deg 


—-0.4 





Propellant sloshing curing second burn did not have an appreciable effect 
on contro] system operation. The maximum LOX slosh was about 4.4 
centimeters (1.8 in.) peak-to-peak, and the maximum LHo slosh was about 
6.9 centimeters (2.7 in.) peak-to-peak. ee 


11.5.4 Control System Evaluation After Second Burn 


The APS provided satisfactory orientation and stabilization during orbital 
coast. Each of the planned maneuvers was performed satisfactorily. 


Significant periods of interest related to attitude control during orbital 
coast include maneuvers to align the vehicle with the local horizontal 
following second cutoff, the maneuver to spacecraft separation attitude, 
spacecraft separation, maneuver to slingshot attitude, LOX dump, and APS 
ullaging for slingshot. Each of the periods are discussed in the 
following paragraphs. | | | : ile 


Following S-IVB second cutoff the vehicle was maneuvered to the local 
horizontal and an orbital pitch rate established and maintained until 
11,458.40 seconds, at which time the vehicle was commanded to the 
separation attitude. Pitch, yaw, and roll control system responses during 
the maneuver to the local horizontal are shown in Figures 11-23, 11-24, 
and 11-25, respectively. | Bas ae ae Meg Ar ee | 
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Figure 11-23. Pitch Attitude Control During Maneuver to Local 
| - Horizontal Following S-IVB Second Burn 
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Figure 11-25. Roll Attitude Control During Maneuver to Local 
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The spacecraft separation maneuver included a 120 degree pitch and 180 
degree roll maneuver. The pitch, yaw, and roll control system responses 
during this maneuver are presented in Figures 11-26, 11-27, and 11-28, 
respectively. 


Spacecraft separation appeared normal, as indicated by the relatively small 
disturbances induced on the S-IVB stage during separation. The pitch, yaw, 
and roll control system responses are shown in Figures 11-29, 11-30, and 
11-31, respectively. 


At 17,096.63 seconds the maneuver to slingshot attitude was begun. Once 
achieved, this attitude (180 degrees pitch relative to the local horizontal 
with position I down) was maintained throughout the LOX dump and APS ullage 
burn. Due to the initial alignment of the vehicle at the start of this 
maneuver, less than a 2-deqree change in pitch attitude was required. LOX 
dump was initiated at 18,475.82 seconds to provide AV for the slingshot 
trajectory. Attitude control during the LOX dump was provided by the APS. 
The auxiliary hydraulic pump supplied hydraulic pressure to maintain the 
J-2 engine in a centered position and minimize disturbances during the 

LOX dump. APS impulse data converted from the APS high pressure helium 
supply spheres indicated the disturbances during the LOX dump were lower 
than expected. This is attributed primarily to the thrust vector being 
more closely aligned to the vehicle center of gravity than the mean thrust 
vector alignment determined through statistical studies. The pitch and 
yaw thrust vector misalignments during the LOX dump were 0.17 and -0.34 
degree, respectively. These values of thrust misalignment are less than 
those experienced during the LOX dump on AS-205.. Pitch, yaw, and roll 
attitude control during propellant removal is shown in Figures 11-32, 
11-33, and 11-34, respectively. 


Following completion of the LOX dump, the APS ullage engines were turned 

on at approximately 19,556 seconds and burned until depletion of APS 
propellants. The thrust provided by the ullage engines decreased the. 
vehicle velocity for slingshot trajectory by approximately 20 m/s (67 ft/s), 
insuring that the S-IVB would not impact the moon. Module 2 depleted 

first (fuel depletion), after a burn of approximately 733 seconds, at 
20,288.56 seconds. Module 1 depleted approximately 25 seconds after 

Module 2. Attitude control system data indicated the vehicle was con- 
trolled as expected following depletion of Module 2. Following depletion 

of Module 1, the vehicle attitude remained relatively constant for 
approximately 60 seconds; after which the rate of divergence was approximately 
0.001, 0.01, and 0.0125 deg/s in pitch, yaw, and roll, respectively. Pitch, 
yaw, and roll attitude control during the APS ullage burn for the slingshot 
trajectory is shown in Figures 11-35, 11-36, and 11-37, respectively. After 
propellant depletion the LVDC continued to issue valid attitude commands 
until at least 21,214 seconds, by which time the outputs to the ladders 

had reached their 6-degree limits. | - 
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Figure 11-29. 
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Figure 11-30. Yaw Attitude Control During CSM/S-IVB Separation 
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Figure 11-31. Roll Attitude Control During CSM/S-IVB Separation 
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Figure 11-32. Pitch Attitude Control During Propellant Removal 
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Figure 11-33. Yaw Attitude Control During Propellant Removal 
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Figure 11-34, 
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APS propellant requirements for attitude control during the AS-503 mission 
were generally lower than the mean predicted requirements. The total 
propellant (fuel and oxidizer) used prior to ullaging for slingshot AV was 
40.4 kilograms (89 lbm) (Module 1) and 41.7 kilograms (92 Ibm) (Module 2). 
The total propeliant available in each module was approximately 145 
kilograms (320 lbm), resulting in a total propellant usage for ullaging 
and attitude control (excluding slingshot) of approximately 30 percent of 
that available. : : 


11.6 INSTRUMENT UNIT CONTROL COMPONENTS EVALUATION 
11.6.1 Control-EDS Rate Gyros/Control Signal Processor Analysis 


The analysis of the Control- EDS Rate Gyros/CSP indicates satisfactory 
performance. 


11.6.2 Flight Control Computer Analysis 


The FCC performed properly throughout the boost and coast phases of flight. 


Analyses of the angular velocity and attitude error signals indicate that 
these signals, as telemetered from the FCC, correlate well with the same 
Signals telemetered from the originating components. 


The outboard eng cant was. accomp]ished in accordance with the ae 
expectations. | 
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SECTION 12 
SEPARATION 


12.7 SUMMARY 


S-IC retro motor performance was satisfactory, with negligible thrust 
imbalance in the pitch and yaw planes. The data indicate 3 parameters 
out of 3 sigma tolerances, but this caused no problem. S-IC/S-II 
separation occurred nominally with adequate clearance between stages. 


The S-II ullage motors performed as expected. There was no photographic 
coverage of the second plane separation, but there was no indication of 
any clearance problems. The simulation calculation indicated that the 
separation was nominal. 


The S-II retro motors performed satisfactorily during S-II/S-IVB 
separation. The total impulse was greater than maximum for each of 


the four motors, but this had no detrimental effect on motor performance. 


S-IVB ullage motor performance was satisfactory. There was no chamber. 


pressure instrumentation on this flight. S-II/S-IVB separation occurred 


nominally with no clearance problems. 


_ Spacecraft separation after Translunar Injection (TLI) was nominal. The 
launch- vehicle attitude errors were less than +0.1 degree during the 
separation maneuver. The Spacecraft Lunar Module Adapter (SLA) panels 
were retracted and jettisoned from the launch vehicle on this flight and 


therefore caused no problems during separation. 


A summary of separation events and times of occurrence is given in. 
Table 12-1. 7 | 


- 12.2 S-IC/S-II SEPARATION EVALUATION 
12.2.1 S-IC Retro Motor Performance 


Ignition signal to the retro motors occurred at 154.48 seconds. The 
retro motors: performed satisfactorily and provided for a successful 


S-IC/S-II first plane separation. As was observed on previous flights, ame 


however, the telemetered chamber pressures were higher than expected. 
Since this has been attributed to instrumentation characteristics, the 
data were biased using a characteristic velocity and known propellant 
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Table 12-1. Separation Event Times 


ee ACTUAL TIME (SEC) | PREDICTED TIME (SEC) 
RANGE TIME | RANGE TINE 
TIME. {BASE + | TIME BASE + 


LVDC Interrupt (S-IC OECO Sensed), 
Start of Time Base 3 (T3) 





S-II Ullage Motor Fire Signal 
'|S-IC/S-II Separation Command 

S-IC Retro Motor EBW Fire Signal 

S-IC/S-II Physical Separation 

S-II Engine Start Command 

S-II Second Plane Separation Command 


LVDC Interrupt (S-II ECO Sensed), 
{Start of Time Base 4 (Tq) 


S-IVB Ullage Motor Ignition Command 
S-I1/S-IVB Separation Command 

S-II Retro Motor EBW Fire Signal 
90 Percent Retro Thrust | 
S-IVB Engine Start Sequence Command 
S-II/S-IVB Separation Complete 


S-IVB Second ECO Interrupt, Start 
of Time Base 7 (T7) 10,555.73 10,552. 


Spacecraft Separation Command 12,056 .3 12,052. 


S-IVB IU/CSM Physical Separation 
Complete | 7 


12,0893 


Spacecraft RCS Ignition Command 12,059.5 


weights. Table 12-2 shows the performance of the retro motors. Even 
with the chamber pressure bias included, several of the parameters were 
out of the 3 sigma limit. This did not cause any problems. The chamber 
pressure measurement data for the motor on fin D, position I, was lost. 
due to RF blackout, but the motor apparently performed nominally. : 


Thrust unbalance was negligible. Figure 12-1 shows the thrust versus 
time curves for the retro motor with the highest maximum thrust (fin B,- 
position III), and the one with the lowest maximum-thrust (fin A, a 
position II). | : : | 3 
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Nominal 288.72°K 
| (60°F) Motor 


RETRO MOTOR 


Fin A - Pos 
Pos 
Fin B - Pos 
Pos 
Fin C - Pos 
Pos 
Fin D - Pos. 
Pos 
_| Average 


-30 Limit 


Motor. 


+30 Limit 
'1288.72°K (60°F) 
Motor 


Table 12-2. 


PARAMETER 


-288.72°K (60°F) 


S-IC Retro Motor Performance 





































*No data, measurement failure. 


1 


w 


iw 











273,521 


272,231 
(61,200) 


No Spec 






















247,757 





247 ,357 
(55,608) 


247,156 
(55,563) 






242,659 
(54,552) 






251,654 
(56 ,574) 





EFFEC-|AVG EFFECTIVE TOTAL EFFECTIVE {AVG EFFECTIVE 
PRESSURE IMPULSE IMPULSE THRUST 
N/cme N-s 3 N-s N 
(psia)* (Ibf-s) (1bf-s)° (ibf)> 


377 ,676 


(61,490) (55,698) (84,905) 

267 ,663 239,755 357 ,842 

(60,173) (53,899) (80,446) 

272,253 245 ,933 377,774 

(61,205) (55,288) (84 ,927) 

276,057 256 ,876 384 ,544 

(1642) (62,060) (57,748) (86,449) 
1100 270,981 244 363 373 ,072 
(1595) (60,919) (54,935) (83,870) 
1109 272,187 248 , 362 376 ,875 
(1609) (61,190) (55,834) (84,725) 
1116 272,965 248 451 380 ,474 
(1619) . (61,365) (55,854) (85.,534) 


375 ,470 
(84,409) 






386 ,564 
(86,903) 


364,412 
(81,923) 


408 ,716 
(91,883) 































Effective Burning Time - The effective burning time is the interval from at- 
tainment of the initial 75 percent of maximum pressure on the ascending por- 


tion of the pressure trace to the same level on the decay portion of the pres- 


sure trace. 


Average Effective Pressure - The average effective pressure is the pressure — 
time integral between the limits of effective burning time divided by the ef- 
fective enn’ time. ; ; 


Total Impulse - Total impulse. is the area under the thrust-time trace from 
zero time until the thrust returns to zero. 


Effective Impulse - The effective impulse is the area under the thruste time 
curve, between the limits of effective burning. time. 


Average Effective Thrust - The average effective thrust is the effective im- 
Pe divided by the effective burning time. — ; , 
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Figure 12-1. S-IC Retro Motor Thrust 


12.2.2 S-II Ullage Motor Performance 


The S-II ullage motors performed within the required limits. Performance 
parameters of the four ullage motors are summarized in Table 12-3. Ullage 
motor firing occurred at 154.29 seconds. The ullage motor composite 
thrust-time curve is shown in Figure 12-2. Chamber pressure measurements 
again indicated that motor web burn-through occurred as predicted. 


12.2.3 S-IC/S-II Separation Dynamics 


S-IC/S-II separation and associated sequencing was accomplished as 
planned. Subsequent S-IC and S-II dynamics provided adequate positive 
clearance between the stages. The predicted and measured dynamic 
pressures at separation were 0.0345 and 0.0397 N/cm@ (7.2 and 8.3 
Ibf/ft2), respectively. Dynamic conditions at separation fell within 
estimated end conditions and well within staging limits. | 


The first plane separation was monitored by accelerometers and rate 
gyros on each of the two stages. Separation rate transducers (extenso- 
meters) provided relative separation rate data. For evaluation purposes, 
first plane separation dynamics were calculated using a computer program 
which took into account F-1 thrust decay, S-IC retro motor thrust, 

S-II ullage motor thrust, initial trajectory conditions, engine gimbal 
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Table 12-3. S-II Ullage Motor Performance _ 


ULLAGE MOTOR PERFORMANCE LIMITS 


3.914 3.918 3.95 3.88 


672 669 662 674 
975 970 960 978 


101,050 | 100,534 | 99,498 101,749 
22,717 22,601 | 22,368 22 ,874 











PARAMETER 




















Effective Burn Time ! 
























Average Effective 
Pressure 




























Average. Effective 


66,723 
Thrust 


15,000 



































































Maximum Thrust * 109,133 | 107,994 | 105,921 109,342 129,666 
24 534 24,278 | 23,812 24 58] 29,150 

NOMINAL 

Effective Burn Time 368,833 | 366,947 | 363,166 371,382 373,206 


Impulse 







82,917 






82,493 | 81,643 83,490 83,900 
The above parameters correspond to parameters defined in the NR procurement specification 


ME-901-0089 as follows: 
1 


Burn Time - The time interval beginning on the ignition pressure transient when the chamber 
pressure has risen to 75 percent of the maximum pressure, and ending when the pressure has 
dropped to 75 percent of the maximum chamber pressure. 





Burn Time Average Pressure - The average effective pressure is the integrated area under the 
pressure-time curve between the points defined by the burn time definition and divided by the 
effective burn time. 


Burn Time Average Thrust - The average effective thrust is the area under the thrust-time 
curve between the points defined in the burn time definition and divided by the effective 
burn time. - 


Maximum Thrust - The maximum recorded thrust in the interval between the ignition phase 
and the beginning of final thrust decay. 


Burn Time Impulse - The integral of the thrust-time trace during burn time. 


angies, and mass properties. The Simulated first plane separation 
dynamics and separation distances agreed very well with the actual data. 


Figure 12-3 shows separation distances and relative velocities of the 


two stages and their respective contributions to the total. These 
velocities are changes in velocity magnitudes from time of physical. 


separation; whereas the distances are measured relative to the time 


from LVDC sensed S-IC OECO. The plot for separation distance 


also 


shows the point where the S-IC stage clears the J-2 engines, which 


extend beyond the separation plane by 0.41 meter (16 in.). C1 
agreement between the AS-502 and AS-503 flights is seen. : 


Lateral clearance and longitudinal.accelerations for the separation were 
nominal. The minimum clearance was calculated to be 1.33 meters (52.4 in.) 


between engine No. 1 and the S-IC Stage. The calculated longi 


acceleration indicated that physical separation occurred approximately 
0.1 second later than on AS-502. This was due to the retro motor thrust 


ose 


tudinal 


rising to full thrust approximately 0.1 second Tater than on AS-502. 


‘SIC pitch and yaw angular dynamics following separation are s 


Figure 12-4. Angular rates are S-IC rate gyro measurements. 


deviations following separaticn are the integrals of the rates 
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Figure 12-2. S-II Ullage Motor Thrust 


initial values being the measured attitude errors at physical separation. 
The angular rate histories for the S-IC following separation are similar. 
to those measured during AS-501 and AS-502. flights. 


_ Figure 12-5 presents the angular dispersions of the S-II stage during 


separation. No significant difference existed between the AS-502 and 
AS-503 flights. | , : ‘ | 
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Figure 12-4. S-IC Pitch and Yaw Angular Dynamics 
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12.3  S-II SECOND PLANE SEPARATION EVALUATION 


In the two previous flights, photographic coverage provided the only 
means of adequately monitoring second plane separation (this capability 
did not exist for AS-503 due to the lack of onboard cameras). Therefore, 
the dynamics of both the second stage and the separating interstage were 
calculated. These calculations utilized appropriate initial trajectory 
data, postflight mass characteristics, and J-2 engine plume character- 
istics obtained from flight data. The figures shown represent these 
calculated results. | 


The relative separation velocities, relative velocity contribution of 
each body to the total, and relative longitudinal separation distance 
between the two bodies are shown in Figure 12-6. Very good agreement 

is seen between AS-503 and AS-502 data. The velocities are the changes 
in velocities from time of physical separation. As was the case for the 
two previous flights, better agreement in relative velocity was obtained 
by using an electrical disconnect force of zero. The relative separation 
data also indicate very good agreement between AS-502 and AS-503 results. 
The separation was complete when the interstage passed the bottom of the 
J-2 engines and was calculated to have occurred at approximately 

185.54 seconds. Attitude errors and rates remained near zero during 
second plane separation as they did on AS-502. 


The body rates of the separating interstage, and the lateral clearances 
between the interstage and the engines were computed and were similar 
to the clearances on AS-502. There was a minimum clearance of 1.02. 
meters (40 in.) between engine No. 3 and the interstage ring at vehicle 
station 39.73 meters (1564 in.). The separation plane is located at 
vehicle station 44.70 meters (1760 in.). | 


12.4 S-II/S-IVB SEPARATION EVALUATION 7 ? 
12.4.1 S-II Retro Motor Performance | 


The four retro motors mounted on the S-II stage performed satisfactorily 
and separated the S-II stage from the S-IVB stage. The pressure buildup 
for all four retro motors began within 0.02 second of each other at 
924.82 seconds. The thrust and chamber pressure profiles for the four 
motors were very similar, and the maximum difference in burn times was 
0.10 second. | | ae ft 


Table 12-4 presents the performance parameters for the individual motors. 
The total impulse for all four motors, and the burn time for motor: No. 1 


was greater than the maximum specified value. All other parameters were 
within the specified limits. The greater total impulses were due to burn 


times which were approximately 0.15 second longer than on AS-502. A 
large portion of the increase in burn times resulted from a slower 
thrust increase at motor ignition. The higher total impulses and longer 


burn times had no detrimental effect on motor performance. The retro 
motor thrusts are shown in Figure 12-7, = = eS eee 
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Table 12-4. AS-503 S-II Retro Motor Performance- 


SPECIFICATION LIMITS 
ie 
PARAMETER roto | AT 268.9 *K (60 °F) 


i 2 3 
POS IVmI pos II-IIMPOS I-11 eran AVERAGE | MAXIMUM 





Burn Time’, sec 1.71 1.61 1.63 1.66 1.65 1.67 
Average Burn Time Chamber 17149 1180 1205 1167 1176 1293 
Pressure*, N/cme@ (psia) (1667) (1711) (1747) (1693) (1705) (1875) 
Maximum Thrust?, N(1bf) 176 ,372 185,802 189 ,628 187,759} 184,890 193,142 
(39,650) (41,770) (42,630) (42,210) (41,565) (43,420) 
Average Burn Time Thrust’, 155,772 |; 159,709 | 163,832 158,486 | 159,451 175,416 
N (1bf) (35,019) (35,904) (36,837) (35,629) (35,846) (39,435) 
' Surn Time Total Impulse>, 266,368 | 257,134 | 267,044 263 ,086 263,410] 250,435 


N-s (1bf-s) (59,882) | (57,806) | (60,034) (59,144) | (59,217); (56,300) 





Burn Time - Defined in Section 6.2.1.30 of Thiokol Model Specification TEMS-11. 


4q 


M 
1.38 
1065 





(1545) 


152,129 
(34,200) 
134,292 
(30,190) 


232,597 
(52,290) 


Burn Time Average Chamber Pressure - The average chamber pressure during burn time is the 


area under the pressure curve over the burn time, divided by the burn. time. 


Maximum Thrust - The highest thrust developed by the retro motor under any normal operating 


condition excluding ignition. 


Burn Time Average Thrust - The average thrust during burn time is the burn time total 
impulse divided by the burn time, 


Burn Time Total Impulse - The area under the thrust-time curve over the burn time. 
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12.4.2 S-IVB Ullage Motor Performance 


Ullage motor performance was satisfactory. The ullage motor ignition 
command was given at 524.78 seconds, with the jettison command at 
536.80 seconds. These times were within 0.05 second of predicted 
times relative to engine start command. No instrumentation existed 
to measure the chamber pressure of the ullage motors. 


12.4.3 S-II/S-IVB Separation Dynamics 


The analysis of separation dynamics was done by comparing the data from 
the AS-503 flight to that of AS-501. Since the data compared very 
closely, detailed reconstruction was not performed to determine pre- 
cisely the lateral clearance used and the separation completion time. 
From the comparative analysis performed it can be estimated that a 
detailed reconstruction would yield a separation completion time of 
approximately 1.0 second, and a lateral clearance utilization of less 
than 12.8 centimeters (5 in.). 


Figure 12-8 shows the longitudinal accelerometer data for the S-II and 
S-IVB stages. 


The angular rates for both the S-II and the S-IVB stages are presented 
in Figure 12-9. The S-IVB rates were small with pitch and yaw rates 
less than +0.2 deg/s. The S-II rates reached 1.0 and 1.5 deg/s in pitch 
and yaw, respectively. 


12.5 S-IVB-IU-LM TEST ARTICLE (LTA)/COMMAND SERVICE MODULE (CSM) 
SEPARATION EVALUATION 


Spacecraft separation from the S-IVB-IU-LTA was performed while the 
vehicle was in an inertially frozen retrograde attitude to minimize 
separation transients. Separation was initiated by a command from the 
spacecraft at 12,056.3 seconds which was received by the LVDC at 
12,056.48 seconds. At 12,059.3 secords the separation devices were — 
ignited and separation was detected by the CSM. The SLA panels were 
retracted and jettisoned by a spring-loaded piston device, completing 
the separation sequence. At about 12,059.5 seconds the first motion 
of the CSM was commanded through the use of the spacecraft translational 
hand controller. Launch vehicle and spacecraft attitudes during the 
separation indicated attitude changes of less than +0.1 degree, and 
attitude rates were under +0.1 deg/s. The separation was completed 
with no clearance or attitude problems. The S-IVB-IU-LTA after 
separation is shown in Figure 12-10. , eae - 
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Figure 12-8. S-II/S-IVB Longitudinal Acceleration 
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Figure 12-10. S-IVB-IU-LTA After Separation 
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SECTION 13 
ELECTRICAL NETWORKS 


13.1 SUMMARY 


The launch vehicle electrical networks are comprised of independently 
battery-powered electrical systems for the four stages with interconnecting 
cabling to satisfy stage to stage electrical interface requirements. Each 
stage electrical system distributes power to continuous users, such as 
instrumentation and communications, and responds to commands initiated 
either by the stage or the Instrument Unit (IU) through the stage switch 
selector. 7 


In general, all AS-503 launch vehicle electrical systems performed satis- 
factorily. The power profiles of all stages were normal and all stage 
and switch selector commands were properly executed. The only deviation 
or out-of-tolerance conditions noted during the flight were: 


a. The intermittent operation of 3 temperature bridge power Supplies on 
the S-II stage. Two of these supplies were affected for approximately 
30 seconds through maximum dynamic pressure (Max Q) and the third for 
approximately 30 seconds starting at low Propellant Utilization (PU) 
step. | : 


b. The S-IVB aft 5 volt excitation module dropped below the minimum of 
4.975 vde from approximately 9410 to 10,691 seconds. - 


13.2 S-IC STAGE ELECTRICAL SYSTEM 


Tne S-IC stage electrical power i: obtained from five 28-vde batteries and 
is distributed to stage components through the power distribution system, 


Battery No. 1 furnishes operational power and battery No. 2, instrumentation : 

power. Batteries No. 3, 4, and 5 furnish power for the optical instrumen- ' 

ao system all of which will be deleted from AS-504 and subsequent | 
vehicles. , . | | : “ 


The electrical system performance during S-IC powered flight was excel- 
Tent. — | 2 ae ase 


Batteries No. 1 and No. 2 performed near prediction. Both battery voltages 


remained well within the limits of 26.5 to 32 vde and currents stayed 
below 45 percent of the limit of 64 amperes for battery No. ] and below 
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80 percent of the limit of 125 amperes for battery No. 2, as shown in 
Figures 13-1 and 13-2, respectively. (See Section 2, Table 2-2 for Event 
Times reference). No battery current steps, such as those noted around 
S-IC/S-II separation on both AS-501 and AS-502, were experienced on this 
flight. 


Batteries No. 1] and No. 2 usage was very close to predicted operation as 
shown in Table 13-1. These batteries were not instrumented to measure 
temperatures. The three optical instrumentation batteries were not in- 
strumented to measure voltage and amperage and their performance couid 
not be evaluated. 


Seven 5-vde power supplies provide closely regulated voltages for stage 
instrumentation. These power supply voltages stayed within design limits 
a8 5 +0.05 vde. No power supply voltage drops were experienced as on 
$-502. 


There were 20 switch selector functions programmed for S-IC. All switch 
selector channels functioned correctly as commanded by the IU. 


The separation and retro motor Explosive Bridge Wire (EBW) firing units 
were armed and triggered as programmed. Charging time and voltage 
characteristics of the EBW firing units were as predicted and within de- 
Sign specifications. Separation and retro motor ignition charging time 
and voltage characteristics were within predicted limits. 


13.3  S-II STAGE ELECTRICAL SYSTEM 


The S-II stage electrical system utilizies four 28-vde batteries, the out- 
put of which is distributed to stage components through the power distri- 

bution system. Two of these batteries are connected in series to furnish 

56 vde to the five LH2. recirculation pump inverters. 


The S-II electrical system performed Peery during all phases of 
the AS-503 flight. 


Operation of the improved batteries, first used on this flight, were 
excellent. Battery bus voltages stayed well within specified limits 
during the flight, as shown in Figure 13-3 through 13-6. (See Section 2, 
Table 2-2 and Table 2-3 for Event Times reference). Main bus current 

~ averaged 38 amperes during S-IC boost and varied from 54 to 58 amperes 

— during S-II boost. Instrumentation bus current varied from 54 to 58 amperes 
during S-IC and S-II boost. Recirculation bus current averaged 92 amperes 
during S-IC boost. Ignition bus current averaged 28 amperes during the 
S-II ignition sequence. No current spikes were a oa around J-2 
engine No. 2 cutoff, as on AS-502. 


Battery usages, in ampere- -hours and as a percent of rated capacity, to- 
seHer with ey temperatures» are shown in Table 13- 2. Battery power 
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Figure 13-1. S-IC Stage Battery No. 1 Voltage and Current, Bus 1D10 
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Figure 13-2. S- IC Stage Battery No. 2 Voltage and Current, Bus 1020. 
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Table 13-1. S-IC Stage Battery Power Consumption 


POWER CONSUMPTION 
AMP /MIN PERCENT 


: ; OF 
MAX IMUM 
eypecten | ACTUAL | CAPACITY 





















CAPACITY — 
AMP/MIN 


BATTERY BUS 


DESIGNATION 





Operation No. | 
Instrumentation No. 2 


Optical Instrumenta- 


tion No. 3 Not Instrumented 


Optical Instrumenta- 


tion No. 4 Not Instrumented 


Optical Instrumenta- 


tion No. 5 Not Instrumented 


NOTES: 1. Battery capacities are based on 10 minute discharge time. 


2. Actual power consumption for Battery No. 1 was calculated from -50 
seconds to S-IC/S-II stage separation. 


3. Actual power consumption for Battery No. 2 was calculated from -50 
- to 210 seconds. 


Table 13-2. S-II Stage Battery Power Consumption 


_*POWER CONSUMPTION 


BATTERY | Bus CAPACITY Sec PERCENT OF] TEMPERATURE 
| DESIGNATION | (AMP-HR) | -AMP-HR CAPACITY 








Main eg 2011 35 24.7 308°K| 304°K 
SL. Geese — - | Sie ee EST ek) 
Instrumentation | ftp 2p2i Ee aos ra 31. | d 305°K 
| #4 | (90°F) 
Recirculation No. 1 2D51 299°K 
aac: Coe | (79°F) 

Recirculation No. 2 2051. 30.00 [326 ee oazes op soteK} 299% 
a ) 


and 2D61 _ , | a. (83°F) ec oN a 


* Power consumption calculated from -50 seconds (Power Transfer). 
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Figure 13-6. S-II Stage Ignition. DC Voltage and current 
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consumptions and temperatures were very close to those experienced on 
AS-502, except that percent usage of the two recirculation batteries 
was somewhat higher on AS-503. 


Five 5-vde power supplies furnish closely regulated voltages for stage 
instrumentation. The power supplies satisfactorily provided proper 
measuring voltage to the telemetry and other instrumentation. 


Three of the 15 S-II temperature bridge power supplies operated inter- 
mittently for short periods, (see Figure 13-7) as follows: 


BRIDGE POWER SUPPLY INTERMITTENT OPERATION, REMARKS 
MEASUREMENT NO. RANGE TIME,SECONDS 
Mo46 71.5 to 95.0 ae 
M059 69.0 to 104.0 en 
MO53 i 443.0 to 470.0 After low 
PU step 


This deviation resulted in the temporary loss of various temperature measure- 


ments as detailed in paragraph 19.2.2. Indications are that the inter- 
mittent operation was caused by a dimensional tolerance buildup between 
the power supplies and the chassis, resulting in improper pin engagement 
of the mating connector (see Figure 13-8) during periods of higher than 
average vibration. Steps are being taken to correct this problem, but 
is is not considered a flight critical item. 


The five LH2 recirculation inverters which furnish power for the recir- 
culation pumps operated properly during the J-2 engine chilldown period. 


For the first time, two separate stage power supply sources (one on 
previous flights) were used to power the output section of the switch 
selector for increased reliability. Performance of the switch selector 
was @xcellent. Also for the first time, redundant power supply sources 
(one on previous flights) were used to electrically control the separa- 
tion system relay circuitry for the two EBW firing units, which are 
associated with each separation system function. This redundancy was 
for increased reliability. The system is completely redundant except 
in the case of the all-engine-cutoff signals which are required for the 
trigger relay circuitry of S-II and S-IVB separation and retro motor 
ignition. These signals originate from either: (a) switch selector 
channel 18, all-engine cutoff, (b) LH2 liquid level cutoff sensors dry ~ 
(two out of five) or (c) LOX sensors dry fone out of five). On AS-503, 
these signals obtained power only from a single source, the main power — 
bus. On subsequent flights, switch selector channel 18 all-engine cut- 


off relay circuitry will be powered From two separate power supply sources. 
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Figure 13-8. S-IVB Stage Bridge Power Supply 
Mounting and Chassis, Typical 


Performance of the EBW circuitry for the separation system was satisfactory 
during the flight. EBW firing units charge. and discharge responses were 
within predicted time and voltage limits. mae : 


13.4  S-IVB STAGE ELECTRICAL SYSTEM 


The S-IVB stage electrical system includes three 28-vde and one 56-vdc 
batteries to supply stage components through the power distribution system. 
The electrical system performed satisfactorily throughout all phases of 
flight and responded normally to IU commands. we 7 


In general, battery voltages, currents and temperatures stayed well within. 


acceptable limits during boost and restart, as shown in Figures 13-9 
_ through 13-12. Battery temperatures remained below the 322°K (120°F) 
_ limits for the powered portion of the flight (this limit does not apply 
after insertion into orbit). The highest temperature of 324°K (124°F) 


was reached on forward battery No. 2 during translunar coast (after injection). 


S-IVB stage battery usage in ampere-hours and as a percent of rated capa- 


_ city are given in Table 13-3. These parameters were within design limits. 


Forward battery No. 2 was expended at approximately 27,000 seconds, at. 


Which time the voltage was 24 vdc, one volt below minimum and falling rapidly. 
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Figure 13-9. S-IVB Stage Fwd Battery No. 1 Voltage, Current, and Temperature 
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Figure 13-11. S-IVB Stage Aft Battery No. 1 Voltage, Current, and Temperature 
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Figure 13-12. S-IVB Stage Aft Battery No. 2 Voltage, Current, and Temperature 
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Table 13-3. S-IVB Stage Battery Power Consumption 
















PERCENT OF 
CAPACITY 


POWER CONSUMPTION 











CAPACITY 


BATTERY (AMP-HRS) 







MAXIMUM 
EXPECTED 
_AMP-HRS 







ACTUAL 
AMP -HRS 


147 64 
24 96 
46 20 
30 49 





NOTES: 1. Capacities are specification values, 


2. Maximum expected power consumption based on maximum 
expected values for 6.5 hour flight. 


3. Actual power consumption for Fwd 1, Aft 1 and Aft 2 
based on 21,300 sec (5 hrs 55 min) of available flight 
data. 


4, Actual power consumption for Fwd No. 2 based on 27,000 sec 
(7 hrs 30 min) of available flight data. 


Three 5-volt excitation modules provide closely regulated measuring voltage 
to instrumentation measurement transducers and signal conditioners. Two 

of these modules are mounted forward and one aft. The two forward 5-volt 
excitation medules provided proper measuring voltage at 5 +0.025 vdc. 

The aft 5-voit excitation module dropped below the minimum of 4.975 vdc 

to 4.970 vde from-approximately 9410 to 10,691 seconds. Since the 5 volt 
reference did not réflect the low voltage condition, it is likely that 

the 5-volt excitation module signal conditioning network experienced a 
a degradation. The telemetry Pen Ovmalice was not affected by the low 
voltage. 


“Eleven 20-vde excitation modules provide signal conditioning power for 
event measurements, and excitation power for temperature and voltage 


measurements. The excitation modules performed satisfactorily. The LOX . 





and LH2 chilldown inverters which furnish power to the LOX and LH2 recir- 
culation pumps, performed in a. satisfactory manner and met their load 
requirements. 


In general, the PU system performed satisfactorily. Fever during 


restart the PU static inverter/converter indicated positive level shifts 
Jonas its limits of 5 +0.1 vde and 400 +6 Hz) during the PU hardover 


13-14 


mode of operation. Since the 117-vde Summing potentiometer loads are 
removed when the PU hardover command is initiated, the unregulated out- 
put of the oscillator module in the inverter/converter is affected, so 
that these shifts are to be expected and do not degrade PU system per- 
formance. The PU static inverter/converter also exhibited a positive 

out of level frequency shift for a short period during PU hardover 
operation on AS-501 and exceeded the upper voltage limit on AS-502 flight. 
Modifications to minimize the level shifts are being considered for 
AS-504 and subsequent vehicles. 


The switch selector functioned correctly and all IU commands were properly 
executed. 


All EBW firing units responded as Predicted. The ullage motor ignition 

EBW firing units were charged at 484.99 seconds and fired at 524.78 sac- 
onds. The ullage motor jettison EBW Firing units were charged at 533.80 sec- 
onds and fired at 536.80 seconds. 


13.5 INSTRUMENT UNIT ELECTRICAL SYSTEM 


The IU electrical system utilizes four 28-vde batteries and a bus Ag twork 
to distribute power to the various IU components. The following confi g- 
uration changes were made effective on S-IU-503 to enhance the reliasi lity 
of the unit for manned flight. 


a. A redundant power path was added to the Switch Selector stage veri fi-< 
cation circuitry. 


b. Separate routing paths from primary power sources (batteries) to the 
Power Distributor were added. 


PRS Fee eis hoe ea Ue 2S Volo Tata letter ote ya eae es DataMap ds a8 


c. All printed wiring boards that routed critical signals were redesigned 
by using a "double solder point" technique, to ensure greater relia- 
bility of solder connections. “ : 


d. A redundant power path was added to eliminate-a single point failure 
possibility in the wiring of the Electrical Subsystem to the Control 
Signal Processor. | 


e. Addition of the 02/H2 burner malfunction signal from the S-IVB to the 


f. Addition of circuitry in the Control Distributor to provide spacecraft 
control of the IU Command Subsystem. 1S 4 | 


q. Addition of circuitry in the Control Distributor to provide commands 
to actuate bias currents in the Flight Control Computer. | Hes 
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IU electrical system data was available through approximately the first 

5.9 hours (21,240 seconds) of flight. Based on this data, the electrical 
system as modified for AS-503 operated satisfactorily. Battery voltages, 
and currents remained well within predicted limits as shown in Figures 13-13 
through 13-16. As expected, voltages increased in proportion to battery 
temperature increases, ranging from approximately 27.5 vde during launch 

to 28.8 vde and after 5.9 hours (21,240 seconds) of flight. Highest 

current drain (35 amperes) was on the 6D30 battery, which also registered 


the greatest temperature increase, from 291°K to 314.5°K (64.4°F to 106.7°F). 


Battery usage, in ampere-hours and as a percent of rated capacity, was 
well within design limits, as shown in Table 13-4. 


Table 13-4. IU Battery Power Consumption 
















POWER CONSUMPTION 


CAPACITY PERCENT 
BATTERY | oa (AMP-HRS) | AMP-HRS| OF 
| CAPACITY 


BUS 


AVERAGE 
CURRENT 
(AMPS) 


PREDICTED 
LIFE (HRS) 







34.0 
35.5 
30.0 





Capacity based upon 10.0 hours operation at 35 amp discharge 
!.  yate. 

2. Actual power consumption based “upen 5.9 hours operation 

from range zero. . 


Analysis of the voltage trace envelope indicates that the 56-volt power 
supply, which supplies voltage to the gyro, accelerometer servoloops and 
accelerometer signal conditioner, remained well within the limits of 

56 +2.5 vde. , | 7 


The 5-volt measuring reference vol tage supply measurements indicated 
approximately 5.04 vdc output, which is above the design specifications 
of 5.000 +0.005 vdc.. However, the telemetry tolerance of 0.8 percent | 
could account for the out. of limits condition and Selemetry cates sreued 
no detectable inaccuracies. 


‘Available data indicates ‘that the IU switch galector performed nomi nally 
prveuaout the Flight. | | 
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Figure 13-13. IU Battery 6D10 Voltage, Current, and Temperature 
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Figure 13-14. IU Battery 6D20 Voltage, Current, and Temperature 
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Figure 13-15. IU Battery 6D30 Voltage, Current, and Temperature 
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Figure 13-16. IU Battery 6D40 Voltage, Current, and Temperature 


acca pe Pree RNS ra pater per pee sagt 





Pa 





00 OO OO 9 Ot HOI 209 7 x 3 1H 
ROS SIO? CR % ‘i et ‘ 05 
rs te "9 ". 5 








7:30:00 











10:00:00 





~ 


20 


-— 


1¢ 


£ 
TEMPERATURE (°F) 


SECTION 14 
RANGE SAFETY AND COMMAND SYSTEMS 


14.1 SUMMARY 


Data indicated that the redundant Secure Range’ Safety Command Systems 
(SRSCS) on the S-IC, S-II, and S-IVB stages were ready to perform their 
functions properly on command if flight conditions during the launch 
phase had required vehicle destruct. The system properly safed the S-IVB 
SRSCS on command from Kennedy Space Center (KSC). The performance of the 
Command and Communications System (CCS) in the Instrument Unit (IU) was 
Satisfactory. 


14.2 RANGE SAFETY COMMAND SYSTEMS 


The SRSCS provides a means to terminate the flight of the vehicle by radio 
command from the ground in case of emergency situations in accordance 

with range safety requirements . After successful insertion into earth 
orbit, the system is deactivated (safed) by ground command. Each powered 
Stage of the vehicle was equipped with two command receivers/decoders 
and necessary antennas. The SRSCS in each stage was Ee independent 
of those in other SradeS , | 


Three types of SRSCS commands were programmed for this manned pe as 
follows: AAG . 


a. Arm/fuel cutoff - ‘Charging of the Exploding Bridge Wire (EBW) 
firing unit and thrust termination. 


~~ b. Destruct - Propel lant dispersion by ne of. ‘the EB. 
6; Safe - Command system switched off. 
During flight, telemetry indicated that the command antennas, receivers/ 


decoders, and destruct controllers functioned properly and were in the 
required state of readiness if needed. Since no arm/cutoff or destruct 


commands were required, all data except receiver signal strength remained _ 


unchanged during the flight. At 708.7 seconds the safing command was | 
initiated, deactivating the system. Both S-IVB stage systems, the. ony 
systems in operation at this times Wesponded Proper ye to the Seflng 
command . a | ? | 


TE 





Radio Frequency (RF) performance aspects of the system are discussed in 
Section 19, paragraph 19.5.3.1. 


14.3 COMMAND AND COMMUNICATIONS SYSTEM 


Oral reports from Mission Control Center (MCC)/Houston indicate that the 
command section of the CCS performed satisfactorily. Al] commands trans- 
mitted during this mission were sent from Guaymas (GYM) after S-IVB second 
burn as indicated in Table 14-1. A total of 2626 known command words, all 
of which were in connection with the CCS test, were sent as follows: 


a. Fourteen CCS antenna switching commands (one command word each) were 
transmitted by the ground station to select omnidirectional, low gain 
directional or high gain directional antennas. The CCS antenna 
switching commands also switched the Pulse Code Modulation (PCM) 
antennas. 


b. Fifty-one Special Test Pattern (STP) sequences consisting of 51 identi- 
cal words each (total 2601 words) were transmitted by the ground 
station. 


c. Eleven terminate commands, consisting of one command word each, were 
transmitted by the ground station. 


The CCS low gain directional antenna and the CCS high gain directional 
antenna were also selected by programmed switching at 11,756 seconds 
(3:15:56) and 19,636 seconds (5:27:16), respectively. 


Unofficial sources in Houston have stated that several commands had to 

be retransmitted, as shown in Table 14-1, because of inability to establish 
down link lock, during times of low signal strength, on the UHF telemetry 
link used to verify commands during the translunar coast period. No 
attempts were made to transmit commands after 21,730 seconds (6:02:10) 

due to increasing difficulties experienced in obtaining verification 

pulses occasioned by UHF down link lock problems discussed above. 


Good correlation cannot be made with the commanded switch selector events 
shown in Section 2, Table 2-4, due to the incomplete listing. in Table 2-4. 
and the absence of some ground station command history. 


RF performance of the system is discussed in Section 19, paragragh.19.5.3.1. a 
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Table 14-1. Command and Communications System Command History, AS-503 
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RANGE TIME COMMAND ANTENNA SELECTED 
Seconds 
(HRS: MIN: SEC) 
13,500 13,830 STP every 30 seconds Low Gain 
(3:45:00) (3:50:30) (12 patterns) 
18,990 Terminate Command Low Gain 
| (5:16:30) Uplink 
19,025 Switch to Omni Omni 
(5:17:05) 
1¢,080 Switch to Low Gain Low Gain 
(5:18:00) (3 Commands ) 
19,140 19,620 STP every 30 seconds Low Gain 
(5:19:00) (5:27:00) (14 patterns) 
19,680 19,650 STP every 30 seconds High Gain 
(5:28:00) (5:27:30) (9 patterns) 
19,942 Terminate Command High Gain 
(5:32:22) Uplink 
20,430 20,730 STP every 30 seconds High Gain 
(5:40:30 (5:45:30) (11 patterns) 
21,060 Terminate Command High Gain 
(5:51:00) Uplink | 
21,116 | Switch to Low Gain Low Gain 
(5:51:56) (2 Commands ) 
21,300 21,480 STP every 30 seconds Low Gain 
(5:55:00) (5:58:00) (5 patterns ) 
21,519 | Terminate Command Low Gain 
(5:58:39) Uplink (4 Commands) 
21,550 Switch to Omni Omni 
(5:59:10). (4 Commands ) 





ARE SETI 


 CkaaeRi aE 


SR Nea enti tine mgs Cage Ceri Se Ladin pe unab se MPs Seo Pe 


AEE 


Table 14-1. Command and Communications System 
Command History, AS-503 (Continued) 


RANGE TIME COMMAND ANTENNA SELECTED 
Seconds 
(HRS:MIN:SEC) 


21,591 Terminete to clear 
(5:59:51) (4 Commands) 


21,700 Terminate Command Uplink Omni 
(6:01:40) | (4 Commands ) 


21,730* Switch to High Gain High Gain 
(6:02:10) (4 Commands ) 





* The CCS test was terminated at 21,730 seconds (6:02:10) due to loss of | 
UHF lock and the subsequent loss of verification pulses. Corpus 
Christi (TEX) verified that the antenna was on high gain at 22,260 
seconds (6:11:00). 
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SECTION 15 
EMERGENCY DETECTION SYSTEM 


SUMMARY 


The AS-503 Emergency Detection System (EDS) configuration was essentially 


same as AS-502 except that: 
The presence of the crew provided the capability for| EDS manual abort. 
There was a display of launch vehicle tank sudec ives an the spacecraft. 
EDS performance was nominal; no abort limits were reached. 

SYSTEM DESCRIPTION | ; 


EDS provided for automatic abort during S-IC burn by monitoring two 


parameters: two or more S-IC engines out and excessive angular rates. 
In addition, the following parameters were displayed to the crew for 
manual abort cues: 


a. 


b. 


Angle-of-attack (Q-Ball dynamic pressure). 

S-IC engines status (Thrust OK pressure switch discretes). 
S-IT engines status (Thrust OK pressure switch discretes). 
S-IVB engine Status (Thrast OK pressure Switch discretes). 
Staging functions (Stage separation discretes). | 
Angular overrates (P, Y, R overrate discretes). 


Launch vehicle attitude reference failure (Platform gimbal angle 
discrete). : 7 a , tae Codes 


S-IVB propellant tank pressures (orbital phase). 


. Vehicle attitudes, attitude rates, attitude errors (spacecraft sensed). 
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15.3 SYSTEM EVALUATION 
15.3.1 General Performance 


All parameters monitored by the EDS remained well within design limits 
for the proper time periods throughout flight and al] discrete indications 
occurred as expected. 


15.3.2 Propulsion System Sensors 


Three thrust OK pressure switches are used on each F-7% engine and two 

on each J-2 engine. The F-1 thrust OK switches are voted two out of three 
for both thrust OK (switches closed) and thrust not OK (switches open) 
indications. The J-2 thrust OK switches are voted one out of two for 
thrust OK (switches closed) and two out of two for thrust not OK (switches 
open) indications. 


All thrust OK pressure switches actuated within predicted times during 
engine startup and shutdown. There were no premature engine cutoffs as 
on AS-502 flight. Thrust switch operation times are shown in Table 15-1. 


15.3.3 Angular Overrates 


Angular rates are sensed by three rate gyros in each axis. Outputs of 
the gyros are fed through filters to rate switches. When two out of 
three rate switches in any one axis indicate an overrate, an indication 
is given to the spacecraft. Abort is automatic until just prior to S-IC 
Inboard Engine Cutoff (IECO), after which abort is initiated manually at 
the discretion of the crew. 


Table 15-2 shows a tabulation of maximum angular rates reached on the 
AS-503 flight, with abort limits in parenthesis. 


15.3.4. Angle-of-Attack 


The angle-of-attack dynamic pressure is sensed by a Q-Ball with redundant 
outputs. One output is displayed in and telemetered from the spacecraft; 
the other is telemetered from the Instrument Unit (IU). 


The angle-of-attack abort limit was 2.2 N/cm2 (3.2 psid) on AS-503. The 
maximum delta pressure recorded on the flight was 0.48 N/cm2 (0.7 psid) 
at approximately 75 seconds. a! | | | 


15.3.5 Tank Pressures 


The S-IVB LOX hydrogen tank ullage pressures were displayed to the crew 
during orbital operations. The common bulkhead pressure differential 
abort limits are +24.8 and -17.9 N/cmé@ (+36 and -26 psid) (PLOX=-PLH>) - 
The AS-503 pressures remained within these limits. 3 aa 
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Table 15-1. Performance Summary of Thrust OK Pressure Switches 


TIME CLOSED 
TIME OPENED 
STAGE ENGINE | SWITCH ai a (RANGE TIME, SEC) 
S-IC -1.85 


-1.86 
-1.84 
~1.48 
~1.48 
-1.44 
-1.88 
8] 
-1.85 
-1.4] 
-1.40 
-1.40 
-2.2] 
~2.24 
-2.24 


. . 








WN == WH | WMH =| WY DH |= wD =| 
t 
omend) 


S-I] 


— AR 
ond 
on 
a | 
WO 
[=> 


MR Ss BM a NH 
—_t 
on 
~l 
Xe} 
(o>) 


D3 
an. 
Dt 
2é< 
ow 
poles 


hm — 
—! 

wn . 
~~ 

{Oo 

on 







10,239.23 





| 10,555.73. “4 
| 40,555.73 ae 


—15<3 


15.3.6- EDS Sequential Events 


All EDS discrete events and indications occurred as expecta 


shows significant EDS related event times. 


Table 15-2. 


S-IC burn -1.0 (4) deg/s 
Upper stages -1.3 (9.2) deg/s 


Maximum Angular Rates 


* 0.6 (4) deg/s 


+0.1 (9.2) deg/s 


Table 15-3 


+1.3 (20) deg/s 
+1.4 (20) deg/s 





Note: Abort limits are shown in parentheses. 


Table 15-3. 


EDS Related Event Times 


FUNCTION STAGE Tine te TIMES FROM BASE 


Launch Vehicle pnaines, EDS Cutoff 
Enable (Timer) 


Launch Vehicle Engines DS Cutoft 
Enable (Switch Selector) 


S-IC Two Engines Out Auto-Abort 
Inhibit 


Excess. Rate (P, Y, R) Auto-Abort — 


Inhibit and Switch Rate Gyros SC 
Indication A. 


Excess Rate (Roll) Auto-Abort — 
Inhibit and Switch Rate Gyros . 
SC Indication B 


Launch Escape Tower Jettison 
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SECTION 16 
VEHICLE PRESSURE AND ACOUSTIC ENVIRONMENT 


16.1 SUMMARY 


The vehicle internal, external, and base region pressure environments 
were monitored by a series of differential and absolute pressure gages. 
These measurements were used in confirming the vehicle external, 
internal, and base region design pressure environments. The flight 
data were generally in good agreement with the predictions and compared 
well with previous flight data. The pressure environment was well 
below design levels. 


The vehicle internal and external acoustic environment was monitored by 
a series of microphones positioned to measure both the rocket engine 
and aerodynamically induced fluctuating pressure levels. The measured 
acoustic levels were generally in good agreement with the liftoff and 
inflight predictions, and with data from previous flights. 


16.2 SURFACE PRESSURES AND COMPARTMENT VENTING 
16.2.1 S-IC Stage : ‘ 


External and internal pressure environments on the S-IC stage were 
recorded by 43 measurements located on and inside the engine fairings, 
aft skirt, intertank, and forward skirt. Representative data from a 
portion of these instruments are compared with AS-501 and AS-502 data 
and with AS-503 predictions in Figures 16-1 through 16-4. Static 
pressure is presented as the difference between measurement pressure 
-and free stream static pressure (Pint-Pamb). Pressure loading is the 
difference between structural internal and external pressures defined 
such that a positive loading is in the outward direction. The pre- 
dictions are based on available wind tunnel data and values from the 
Observed Mass Point Trajectory (OMPT). The ambient pressure history 
of AS-503 is virtually the same as that for AS-502 and slightly greater, 


approximately 0.10 N/cmé (0.145 psid), than for AS-501.- 
The AS-503 S-IC engine fairing compartment pressure differentials are 


shown in Figure 16-1. The AS-503 data agree very well with AS-501 and 
- AS-502 data and the trends are the same. — * mire 
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Figure 16-1. S-IC Engine Fairing Compartment Pressure Differential 
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The S-IC engine fairing pressure loading is shown in Figure 16-2. The 
AS-503, AS-502, and AS-501 data agree very well in magnitude and trend. 
The fairings experienced a crush loading over almost the entire flight. 
This is due to their geometry which deflected the air stream away from 
the S-IC engines. 


The S-IC engine, intertank, and forward skirt compartment pressure 
differentials are shown in Figure 16-3 as a function of range time. 

The AS-503 engine compartment differential pressure levels were less 
than those on AS-501 and AS-502. Fuel line boots were omitted on 

AS-503 and the resulting increase in engine compartment leakage area 
probably accounted for the lower internal pressure. The intertank 
pressure differential agreed very well with AS-501 and AS-502 as a 
function of range time. The forward skirt compartment differential 
pressure levels were higher than those of AS-501 and AS-502 until 

Mach 1 was reached and were lower thereafter. However, these differences 
are close to the accuracy level of the instrumentation and as the trends 
are the same the agreement for the three flights are considered to be 
satisfactory. The predicted bands were derived analytically using the 
maximum expected leakage area, and minimum leakage area. 


The intertank and forward skirt pressure differentials show an abrupt 
drop between 60 and 70 seconds on all three flights. This is associated 
_ with the vehicle passing through Mach 1 which occurred between 60 and 

62 seconds. 


The S-IC engine, intertank, and forward skirt compartment pressure 
loadings are shown in Figure 16-4. The AS-503 engine compartinent 
experienced a greater crush pressure loading than the engine compart- 
ments on AS-501 and AS-502. This was caused by the lower engine 
compartment pressure on AS-503 as discussed in the preceding paragraph. 
The intertank compartment pressure loadings agreed well with AS-501 and 
AS-502 data. The forward skirt loading was generally greater on AS-503 
throughout the first 90 seconds of flight. However, this presented no 
problem since the maximum value of approximately 0.27 N/cmé@ (0.39 psid) 
was well below the design value of 1.38 N/cmé (2.0 psid). The pre- 
dictions were based on wind tunnel data and predicted internal pressures. 


16.2.2 S-II Stage 


Surface pressure and compartment venting analyses were conducted using 
the AS-503 OMPT with angle-of-attack data obtained from the S-IC Flight 
Control Conditioned Data Tape (Q-ball). Atmospheric data were obtained 
from the Preliminary Meteorological Data Tape (Met Tape). ee 


The external flow field at a point on the S-II stage was analyzed by 
means of a digital computer flow field program. This program assumes 
a clean configuration, i.e., disturbances caused by protuberances are 
not accounted for. However, due to location the flight instruments © 
are affected by these disturbances. Internal pressures for the forward 
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Figure 16-2. S-IC Engine Fairing Pressure Loading, Sheet 1 of 2 
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Figure 16-2. S- Ie Engine Fairing Pressure Loading, Sheet 2 of 2 


16-5 


Ta peer f regions stare rtp hare enti: weed am Ene noe Hn ee nem 
ge + 


9-9}, 





E-91 aunbi4 


peLquadassig eunsseudg Juauyueduo) JI-S 


~SONO03S - 3WIL 39NVY 


FORWARD SKIRT COMPARTMENT PRESSURE INTERTANK COMPARTMENT PRESSURE ENGINE COMPARTMENT PRESSURE 








“DIFFERENTIAL (Pint-Pamb), N/cri® DIFFERENTIAL (Pint-Pamb), N/cm2 DIFFERENTIAL (Pint-Pamb), N/cm2 
.! s e 
i oS: ~ = > co 












AL : 
oS 
= é oe 
he ae8 : 
We: CC —_ 
iw a 
| | es3 
beat ae 
Oo \ 1 > 
A \ 
oO ZL 
ee ae aA 
wo 
2] . 
 eIAL 
oe a | > 
Ld oO A, mn 
rE | ) : 3 
E maw < 
— OO Mm 
-ny e Ole pa oa 
oo b; —~ at > 
‘= wan 
; Wan 
ede 3 
yr [ee] 
TAL nd 
i a 
a: @ I_ioh 
CTW Ts 
. So. M 
FORWARD SKIRT COMPARTMENT PRESSURE INTERTANK COMPARTMENT PRESSURE ENGINE COMPARTMENT PRESSURE — 
DIFFERENTIAL (Pint-Pamb), psid DIFFERENTIAL (Pint-Pamb), psid DIFFERENTIAL (Pint-Pamb), psid 


Stes cece ge Ogee Step oye meeete OU MTA EE TTT See tigre Loe et cee ce es aa oon mem tam ee cues 7 3 ney a e n> oa : bod tess ; Baty i 
Wr WN We ah cage nye EGR a be BPN ARE MARR chest aA RS Bi tet Otay at fee tle eat he +4 : . ar i caer “ ot 4 ware fay te 


ABR oro, ay 





os 9) ATU P a RRR a THR se ase! aS RR Oa SR 9 ibeT ae Lee! CES acre eee 
oi cs He em TE pa a eee ee Ree eh en Ae eden Ge Ae ohppmmepineaabie 6s pcos: 


pisd *(4xaq-quLq) ONIGYOT pisd *(3xad-ULd) ONIGVOT Pisd *(3x8d-2Uld) ONIGWOT 
JUNSSIYd LNIWLYWYdWO? 3NIONI JYNSS3Yd LNAWLYVdWOD XNVLYSLNI JUNSS3IYd LYTAS GavVMYyOSs 
foe] vt NI 


MN ead Oo - NN 





wo 
oO oO o Oo 
ij 












fe 






0092-118 
“p0091-118 
p0098-120 
D0100-120 









120 


nun 
_—— 
— 
| 
mm ~) 
iON! 
or 
Qo 
AD 





VEH STA 

18.55 m 

(730.31 in.) 
100° 








aes 
Pa 


PREDICTED z= 


an 


a7 


- SECONDS 





a 
rR 





eel 
Nau 
\ 

ae AS 

edt | PS 


Wa 
oan 


-60 


RANGE TIME 


AS-502 
1 
3 


Blake 
LI 
ann 





— on = 
= me 





i 


: : 





jae 





ai 
= 
= 
a 
Nes 
i 

r 
: 


ZU9/N *(3X8d-WUld) ONIGVOT gua/N *(4X8d-Uld) ONIGYOT ZuO/N *(2X8d-2UlLd) ONTGVOT 
JUNSSIYd LNAWLYVdWOD JANIONA JMASSAYd LNIWLYVdWOD ANVLYSLNI ~ FMNSSTd LYTAS GayMyOs 


S-IC Compartment Pressure Loading 


Figure 16-4. 


BAe cede ib LSB LT phere OSSD ci eS ES .. 


16-7 — 


skirt, interstage, and insulation regions were analyzed by means of a 


digital computer multiple venting program. The validity of these methods 


of analysis was established by favorable comparison between predicted 
values for AS-501 and AS-502 flight data. 


A plot of the pressure loading, acting across the forward skirt wall, is 
presented in the top graph of Figure 16-5. AS-503 flight data and post- 
flight predicted data are presented in the form of maximum-minimum data 
bands. AS-501 and AS-502 flight data bands are also shown for 
comparison. 


Both flight and predicted pressure loads were obtained by taking the 
difference between the respective external pressure values and the 
assumed uniform internal pressure which was measured at vehicle 
longitudinal station 74.53 meters (2935 in.), and a peripheral angle 
of 19] degrees. The flight and predicted values show the same trends, 
are in good agreement, and well within the design limits. 


Comparison of AS-503 flight data and postflight predicted pressure 
loading acting across the LH2 sidewall insulation is presented in the 
lower graph of Figure 16-5. .The time and magnitude of the peak bursting 
pressure agrees well with the postflight prediction. AS-501 and AS-502 
data are also shown and compare well with AS-503 data. 


16.2.3 S-IVB Stage *° 


Pressures on the S-IVB stage were measured by one internal transducer 
in the forward compartment and one internal measurement for the aft 
compartment. 


The top graph in Figure 16-6 shows the predicted design pressure dif- 
ferentials (Pint-Pamb) for the forward compartment together 

with flight data for both AS-503 and AS-502. The AS-502 and AS-503 
forward compartments had identical vent areas of 0.097 meter2 (150 in.@). 


The flight data, in general, was slightly lower than predicted up to about 


69 seconds after which the agreement was good. However, this data is 
preliminary and it is expected that the final data will give much closer 
agreement. The bottom graph in Figure 16-6 shows predicted and measured 
pressure differentials for the aft compartment. The flight data for 

the aft compartment agreed very well with predicted values up to 

85 seconds after which the data was slightly higher. . 


16.3 BASE PRESSURES 

16.3.1 S-IC Base Pressures 

Static pressures on the S-IC base heat shield were recorded by six 
measurements, two of which were heat shield differential pressures. | 


Representative AS-503 data are compared with AS-50T and AS-502 data, 
and with AS-503 predictions based on previous flight data. 
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Figure 16-5. ‘S-II Compartment Pressure Loading 
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Figure 16-6 S-IVB Compartment Pressure Differential 
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Figure 16-7. 
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Typical S-IC base pressure differentials are shown in Figure 16-7 as a 
function of altitude. In general, the agreement is good between the 
AS-503 base pressure data and the AS-502 data. 


S-IC base heat shield pressure loading versus altitude is shown in 
Figure 16-8. The levels of AS-503 data were less than that for previous 
flight data because of a decrease in engine compartment pressure resulting 


from the increase in compartment venting, as discussed in ees 16.2.1. 


These heat shield loadings were well within the 1.38 N/cm@ (2.0 psid) 
design values. 
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Figure 16-8. S-IC Base Heat Shield Pressure Loading 


16.3.2 S-II Base Pressures 


The postflight predictions of static pressures, on the aft face of the 
S-II base heat shield, were evaluated from a semi-empirical correlation 
of base pressure with heating rate derived from hot flow model test 
results, and AS-501 and AS-502 flight data. AS-501 and AS-502. flight 
data indicated that aft face heat shield pressure measurements, located 
away from the reverse flow stagnation point, would be reduced after 
interstage separation. The predictions of the heat shield forward face 
and thrust cone region static pressure were based on AS-501 and AS- 02 
Flight data. 


Figure 16-9 compares AS 503 ree | static pressures, on the forward face 
of the heat shield and in the thrust cone region, with postflight pre- 
dictions and with AS-501 and AS-502 flight data. The static pressure on 
the forward face of the heat shield and thrust cone region during the 
AS-503 flight was approximately equai to the static pressure in these 
areas during the AS-501 and AS- 502 flights. The pressure peak which 
occurred on the forward face of the heat shield and in the thrust 

— region during AS-503 interstage separation was observed in ae eieaas 
flight data. 
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Figure 16-9. S-II Base Heat Shield Forward Face and Thrust Cone Pressures 
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Figure 16-10 presents both the postflight predicted and AS-503 measured 
Static pressures on the aft face of the heat shield. Also superimposed 


on Figure 16-1 
AS-502 flights. 
agreement with 


Q are bands of static pressure data from the AS-501 and 
In general, the analytical predictions were in good 
the flight data from S-II engine ignition (155 seconds) 


up to Programmed Mixture Ratio (PMR) stepdown at 443 seconds. After 
PMR stepdown the analytical predictions were. approximately 50 percent 
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Figure 16-10. S-II Heat Shield Aft Face Pressures 


time after interstage separation up to approximately 350 seconds. The 
decay vanished between 350 seconds and PMR stepdown at 443 seconds. The 
observed pressure decay during this period may be due to an incremental. 
pressure caused by outgassing from within the base heat shield. The 
analytical predictions were based on the assumptions that the interstage 
has no effect on the base pressures near the stagnation point. This, 
the analytical predictions were constant from approximately 160 seconds 
‘up to PMR stepdown. For measurements located away from the stagnation 
point, the effect of interstage separation was to decrease the static 
pressure by about 27 percent. 


The pressure peak observed during interstage separation is believed due 
to the sudden increase in velocity and temperature of exhaust gases. due 


to the confinement of the engine exhaust plumes by the interstage as it 


separated from the S-II vehicle. 
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16.4 ACOUSTIC ENVIRONMENT 
16.4.1 External Acoustics 


The external fluctuating pressure environments for the AS-503 vehicle 
were recorded by nine instruments located on the instrument unit, S-IVB 
forward and aft skirts, S-II forward and aft skirts, S-IC Intertank, 
S-IC aft skirt and Fin D. Instrument B0004-114, located on Fin D, 
failed prior to launch and provided no valid data. Representative data 
for the remaining instruments, together with AS-501 and AS-502 data, 
are shown in Figures 16-11 through 16-14. 


The AS-503 external environment at liftoff is shown in Figure 16-11. 
Instrument B0019-427, located on the S-IVB aft skirt, displayed a data 
dropout from -1 second to 2 seconds; AS=503 liftoff data is not shown 
for this instrument. Data before and after the dropout display 
expected levels. The spread, noted in the data of the S-II forward 
skirt and aft skirt, is caused by circumferential position 

changes at a fixed vehicle axial station. The data indicate that up to 
a 6 decibel circumferential variation existed at these vehicle stations. 
The lowest levels are from the measurement located on the Launch 
Umbilical Tower side of the vehicle. All S*IC instruments have been 
corrected by -3 decibels to account for a Remote Automatic Calibration 
system error. No other appreciable differences with previous flights 
have been noted. 


Liftoff sound pressure spectral densities are compared with AS-501 and 
AS-502 data in Figure 16-12. Frequency characteristics generally appear 
Similar for all flights. S-II instrument data from the AS-503 flight 
show some changes in spectrum shape, but these instruments have been 
moved 90 degrees from the corresponding AS-501 and AS-502 measurement. 
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Figure 16-11. Vehicle External Overall Sound Pressure Level .at Liftoff 
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: Figure 16-12. Vehicle External Sound Pressure Spectral 
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; Figure 16-12. Vehicle External Sound Pressure Spectral Densities at Liftoff, Sheet 2 of .2 





Overall fluctuating pressure time histories to 140 seconds are shown in 
Figure 16-13. The data peak in the S-IC intertank instrument, after 
110 seconds, may be caused by flow separation and exhaust gas recircula- 
tion due to the expanded exhaust plume. The majority of time-histories 
show reasonable agreement between all three flights; however, B0037-200 
(S-II aft skirt) shows consistently higher overall levels after 

20 seconds than previous data. The cause appears to be a strong narrow 
band random, or possibly sinusoidal component in the 600 to 700 hertz 
frequency range. B0038-200 (S-II aft skirt) also shows this component 
at 80 seconds. BO0019-427 displays intermittent data dropouts from 

80 to 92 seconds, but the data otherwise appears to be valid. 


Pressure spectral densities at maximum aerodynamic noise are shown ‘in 

Figure 16-14. The 600 to 700 hertz peak is evident in the spectra for 
B0037-200 and BO038-200. All other spectra show reasonable agreement 

between flights. ) 


16.4.2 Internal Acoustics 


16.4.2.1 S-IC Stage. Internal acoustics were measured at two locations 
on the S-IC stage. One measurement, located above the heat shield in 
the thrust structure, was not taken on previous flights. The acoustic 
data at this location are shown in Figure 16-15. The level of this 
measurement at liftoff appears as expected when compared to static 
firing data, and the drop off of the curve immediately after liftoff 
compares closely with the drop off of the intertank measurement. — 
Therefore, the data appears to be valid until it reaches the noise 

floor at approximately 100 seconds. 


The intertank internal acoustic data are shown in Figure 16-16. Launch 
levels agreed with AS-501 and AS-502 levels. The levels during flight 
were slightly lower than on previous flights. 


16.4.2.2 S-II Stage. Two internal microphones were located on the S-II 
Stage as follows: | 


MEASUREMENT S-II AREA VEHICLE STATION AZIMUTH — RADIUS 
| (m)  (in.) + (deg) (m) Cin.) 


BO17-219 Forward Skirt, Internal 63.3 2492.1 270 4.52 178 
B039-206 Thrust Cone, Internal 42.6. 1677.2 ...270 3.30 130 
Figure 16-17 presents the measured overall] acoustic internal levels 

versus range time for AS-503. AS-502 data is also shown for comparison 


purposes. AS-503 internal and external acoustics are shown in Table 
16-1 and compared with data From previous flights. 
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Vehicle External Overall Fluctuating Pressure Level, Sheet 1 of 2 
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Vehicle External Overall Fluctuating Pressure Level, Sheet 2 of 2 


TY 


2.x 10-9 N/em@), db/hz 


PRESSURE SPECTRAL DENSI 
RE: 


“Le-91 


Y 


2x 10*9 N/cm@), db/hz 


Gee SPECTRAL DENSIT 
RE: 


THSTRUNENT UNIT 









AS-501 


Mo = 96 
OAFPL = 144.3 DB 
T = 60 sec 


cot ce Alll 
as-sort TIM mci 
HH A 


2 x 10-9 N/cm2), db/hz 


Orulll 
SUH mani 
_LUSsH. | TUT 


PRESSURE SPECTRAL DENSITY 





(RE: 










wad 7 
con cot 










K 
ET == 
























N 

14 =3 

3 Baal D_ T = 55 sec ati Lt i 
. Cree COTTE is BF sod CLR OT 

TU TTT 2> Co Ce NUTT 
soil Cre CT Be 45 Senet Baill 
: “Hes DN SEAT Cae |< emAAAan MREIITIE A TTITLSeee OA 
AS-502 wi & AS-503 
10 

: TOI REST ee | Sir ece o CHM TTA 
Bley CO CO TEL NP COC rr 

a soe a 100 “T000" 10,000 1 10 He att 000 

FREQUENCY - HERTZ | FREQUENCY - HERTZ 


: Figure 16-14. Vehicle External iF iactiatine Pressure Spectral Densities at 
| Maximum Aerodynamic Noise, Sheet 1 of 2 
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Figure 16-14. Vehicle External Fluctuating Pressure Spectral Densities at 
: Maximum Aerodynamic Noise, Sheet 2 of 2 
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Figure 16-15. S-IC Heat Shield Panels Acoustic Environment 
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Figure 16-16. S-IC Internal Acoustic Environment 
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Table 16-1. S-II Acoustic Noise Levels Comparison of AS-503 


EVENT 





Liftoff 
Transonic 
Max Q 


S-II 
Mainstage 


Static 
Fire 


with AS-501 and AS-502 Data 


MAXIMUM OVERALL db | 


pee 


FORWARD SKIRT AFT INTERSTAGE/AFT SKIRT 


EXTERNAL INTERNAL EXTERNAL INTERNAL. 
B016-219 BO17-219 8037-200 & B038-200 B039-206 


AS-503 AS-501 AS-503 AS-501/502 AS-503 AS-50) AS-503 AS-501/502 


145 


no data no data 


NOTE: AS-5032 acoustic measurement locations were different from previous flights. 
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Figure 16-17. -S-II Compartment Overall Acoustic Levels 
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Figure 16-18. S-IVB Forward and Aft Skirt Acoustic Levels 
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Special prelaunch channelization and calibration checks were made on the 
AS-503 acoustic measurements to assure acquisition of valid acoustic 
data. Indications are. that all acoustic measurements were valid. 


The internal acoustic data shown in Figure 16-17 is in excellent agree- 
ment with AS-502 data during the liftoff period. This would indicate 
- that both AS-502 and AS-503 internal acoustic levels were valid. 


16.4.2.3 S-IVB Stage. The S-IVB acoustic environment was measured at 
four positions, internal and external on the forward skirt and internal 
and external on the aft skirt. 


Composite levels,.50 to 3000 hertz, time histories for these locations 
are presented in Figure 16-18. The AS-503 structural transmittability 
for the sound pressure at liftoff, and for the boundary layer pressure 
fluctuations in the transonic portion of flight, is indicated by the 
difference (shaded band) between the external measurements and the | 
internal measurements. The maximum external levels and the minimum in- 
ternal levels measured during the AS-501 and AS-502 flights are also 
depicted, indicating that the AS-503 levels were nominal. 
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SECTION 17 
VEHICLE THERMAL ENVIRONMENT 


17.1 SUMMARY 


The AS-503 S-IC base region thermal environment was similar to that 
experienced on earlier flights. The base region environment was not 
notably altered by the outboard engine cant. With the exception cf a brief 
transient, the effects of early Inboard Engine Cutoff (ECO) on the base 
region thermal environment were minor. Again the radiation hump at the 
base heat shield was correlated with the hot recirculated exhaust gases, 
as shown by the. base TV cameras. As on the previous flights, M-31 insula- 
tion was lost from the heat shield but caused no problems. Heating rates 
and structural temperatures forward of the heat shield were similar to 
those of earlier flights until IECO. Lower heat rates due to receding 
point of plume induced flow separation were then reflected in lower 
structural temperatures for the S-IC stage. 


The S-IC forward skirt thermal environment after S-IC/S- I separation was 
similar to that measured on previous Flights. 


Base thermal environments on the AS-503 S-ITI stage were similar to those 
measured on AS-502 and were well below design. A reduction in heating rate 
was noted after Propellant Mixture Ratio (PMR) step down. 


The aeroheating rates on the AS-503 S-II stage interstage, body structure, 
and fairings, though slightly lower, were similar to those on previous 
flights and no problems were noted. 

The thermal environment in the S-IVB J-2 engine area appeared normal as 
evidenced by the. skin temperatures on the Augmented Spark Igniter (AST) 
lines. 


‘Structural temperatures on the AS-503 IU stage were similar to those on 
previous Flights and no problems were noted. — 


17.2 S-IC BASE HEATING AND SEPARATION ENVIRONMENT 
17.2.1 S-IC Base Heating 


Thermal environments in the base region of the S-IC stage were recorded by 


- 39 measurements which were located on the heat shield, F-1 engines , and 
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base Of Fin D. This instrumentation included 6 radiation calorimeters, 1% 
total calorimeters, and 14 gas temperature probes. Representative data 
from these instruments are compared with AS-501 and AS-502 flight data in 
Figures 17-1 through 17-3. 


The radiation and total heating rates measured in the base region of the 
S-IC stage were approximately the same as those measured during the AS-502 
flight. This similarity was expected since both AS-503 and AS-502 vehicles 
were flown without base flow deflectors. One instrument, C14-101 located 
on the lip of engine 101 facing the inboard engine, measured a total heat- 
ing rate which was higher throughout flight than had been measured at this 
location during AS-501 and AS-502 flights. Data from the radiation 
calorimeter and gas temperature probe at the same engine location did not 
deviate significantly from the AS-502 flight data, indicating that instru- 
ment C14-101 gave questionable readings for AS-503. 


Maximum base heating occurred at approximately 22 kilometers (11.9 n mi) 
on AS-503 and is principally radiation, as anticipated from previous 
Saturn V flight data. The initial rise in the AS-503 radiation heating 
rate correlates with the presence of hot recirculated gases near the 
heat shield as recorded by the S-IC base TV cameras. This is consistent 
with the conclusion, based upon AS-502 flight evaluation, that hot gas 
recirculation is the main cause of the radiation hump. 


Comparisons of AS-502 and AS-503 flight data show that the 2-degree 
Outboard engine cant on the AS-503 vehicle had a negligible effect on the 
base environment. IECO at 126 seconds on AS-503 produced a 2 to 10 
watt/cm@ (1.76 to 8.81 Btu/ft2-s) spike in the base heat flux environment | 
of approximately 4 seconds duration. The magnitude and duration of this 
spike was anticipated, based upon AS-501 and AS-502 flight data at IECO. 
The base environment for the stable four engine flow field after IECO, 
from 130 to 154 seconds, had approximately the same trend as the five 
engine environment prior to IECOQ. 


No appreciable difference is noted in the convective heating measured on the 
heat shield or engines when comparing the AS-503 vehicle with previous 
saturn V flight data. A convective cooling rate was measured at the base 
feat shield up to approximately 12 kilometers (6.5 n mi) altitude, after 
which a small convective heating rate was measured. A convective heating 


rate was present on the F-1 engine nozzle extension from liftoff and - : co 


reached a maximum value at an altitude of 22 kilometers (11.9 nmi). Con- 
ee eae to the nozzle extension was negligible above 40 kilometers 
21.6 n mi). eg oe | 


The total heating rate measured on the base of Fin D is compared with the 


AS-501 and AS-502 flight data.in Figure 17-3. It is evident that fin total 
heating measurements for all three Flights: were approximately the same. 
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Figure 17-1. 
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Figure 17-3. Base of Fin D Total Heating Rate 


The initial rise in heating rate occurring at 15 kilometers (8.1 nmi) _ 
correlates with the recirculated exhaust gases reaching the heat shield as 
observed by TV cameras. The peak in the AS-503 data is coincident with 
the AS-501 data, and occurred at the time that flow separation was first 
observed. 


The thermal response of the heat shield is delineated in Figures 17-4, 
17-5, and 17-6 which show the forward surface, bondline, and M-31 internal 
temperatures, respectively. The upper edge of the data bands in all three 
figures is very clearly defined by measurements on the position lines 

where maximum heating occurred. Only 3 of the 14 thermocouples are located 
on the fin lines, as shown in Figure 17-7, and the traces from these give 
the lower edge of the data bands for the forward surface and bondline. 

As expected, fin line temperatures were low since the engines partially 
shield this area from the base environment. © re 


Temperature histories of the heat exchanger bellows, exhaust manifold, 

and the nozzle are shown in Figure 17-8. The thermocouple on the engine 
nozzle did not experience the expected temperature rise during the latter | 
half of flight and is suspect. The heat exchanger bellows thermocouple 
apparently failed at 100 seconds. In general, the valid data compares 


_ favorably with the expected temperatures on the engines. 
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Figure 17-4. S-IC Heat Shield Forward Surface Temperature 
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Figure 17-5. S-IC Heat Shield Bondline Temperature 
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Figure 17-6. S-IC Heat Shield, M-31 Temperature 


The M-31 loss to the crushed core level of the S-IC base heat shield, which 
means the 0.407 centimeter (0.16 in.) aft layer of M-31 broke away, was 
visually observed via the base region TV cameras. Losses were noted during 
initial flow reversal at approximately 70 to 90 seconds. 


Figure 17-9 shows an area on the aft face of the S-IC base heat shield as 
recorded by the inflight TV monitor at 68 seconds and at 122 seconds. No 
Toss of M-31 is shown in the 68-second frame; however, the frame taken at 
122 seconds, which views the identical area, shows a single missing patch 
of M-31. The loss of this material seems to be less severe than on AS-502, 
based on TV observation for the two vehicles. 


Although not in the same area of the heat shield as that viewed by the TV 
monitor, a similar missing patch of M-31 probably accounts for the 
divergence of measurement CO38-115 from the nominal data band at 100 
seconds, as shown in Figure 17-4. Based on the thermal environment at the 
heat shield and previous studies, the M-31 loss which caused this ens: 
couple response could have occurred as early as 50 seconds. 
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Figure 17-7. S-IC Base Heat Shield Measurement Locations 
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Figure 17-8. S-IC Temperature Under Insulation, 


Inboard Side Engine No. 1 
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Figure 17-9. 


S-IC AFT Face of Base Heat Shield Inflight TV Coverage 
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M-31 loss has been experienced on all S-IC boosters: launched to date. On - 
AS-501, the loss was noted at 110 seconds. On AS-502, M-31 was lost at 95 
seconds in the vicinity of two measurements and at 108 seconds near another 
measurement as shown in Figure 17-4 of the AS-502 Evaluation Report (MPR- 
SAT-FE-68-3. dated June 25, 1968). The AS-502 TV camera film showed M-31 
loss and substantiated the separation at the crushed core level, as did 
analytical reconstruction using gas temperature and radiometer data. 


As reported in the AS-502 Evaluation Report, analysis conducted for AS-501 
and AS-502 has indicated that loss of M-31, subsequent to flight times of 
80 to 90 seconds, will not result in any detrimental effects on the S-IC 
stage aft thrust structure/engine compartment.., 


17.2.2 S-IC/S-II Separation Environment 


As shown in Figure 17-10, gas temperatures during separation were similar 
to those measured on previous flights. Two spikes in gas temperature are 
evident; one immediately following separation and resulting from ullage 
motor gases entering the forward skirt area and the other corresponding 
to the S-II stage J-2 engine thrust buildup. Data from the separation 
transducers indicate separation rates and attitudes essentially the same 
as those experienced previously. 
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Figure 17-10. S-IC Upper Compartment Ambient Air Temperature During 
S-IC/S-II Stage Separation 
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The S-IC forward skirt skin temperatures measured during separation are 
shown in Figure 17-11. The maximum temperature reached was slightly 
higher than those previously experienced and occurred about 3 seconds 
later but presented no problem. 


The S-IC LOX tank dome temperatures, Figure 17-12, show that no appreciable 
heating occurred during separation, and corresponding temperatures on 
previous flights were practically duplicated. 


The maximum internal pressures, in the S-IC forward skirt area, were less 
than 1.0 N/em@ (1.45 psia) and occurred during S-II main engine start- 
up. Pressure spikes during ullage motor firing were smal] and did not 
reach magnitudes equal to AS-501. 

17.3 S-II BASE HEATING AND SEPARATION ENVIRONMENT 


The postflight predicted convective heating rates are based on hot flow 
model test data. The recovery temperature of the reverse flow gas was 
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Figure 17-11. $-IC Forward Skirt Skin Temperature 
after S-IC/S-IJ Stage Separation 
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Figure 17-12. S-IC _OX Tank Forward Dome ieveereture 
During S- 1C/S- II Stage Separation 





determined to be 978°K soon) prior to PMR stepdown, and 894°K (1150°F) 
after PMR stepdown. The cold wall convective and radiation heat flux, 
and gas recovery temperatures were then used to establish the heat shield 
surface temperature and the corresponding postflight cold wall total 
heating rate predictions. Engine performance, i.e., mixture ratio, 
chamber pressure, temperature, and gimballing effects on convective heat- 
ing rates were considered. 


The AS-503 S-II measured base heating and separation environment was, in 
general, below design data and in good agreement with AS-501 and AS-502 
flight data and AS-503 postflight predictions. 


Figure 17-13 presents a band of total heating rates to the calorimeters 
on the aft face of the base heat shield for the S-II boost period. The 
AS-503 postflight predictions of these heating rates is shown together 
with AS-501 and AS-502 flight data for comparison. Figure 17-13 indicates 
pars the analytical predictions are in good agreement with the flight 

ata. 
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It is observed in Figure 17-13 that the maximum heating rate increased 
sharply after interstage separation. This change was noticed in data 
from a measurement. located near the stagnation point of the reverse flow. 
Similar trends were observed on the previous flights but the increases 
were not as sharp as on AS-503. 


The decrease in PMR at 443 seconds resulted in a 25 percent reduction in 
heating rate. 
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- Figure 17-13. S-II Heat Shield Base Region Heating Rates 
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Postflight predicted and AS-503 measured thrust cone region total heating 
rates are presented in Figure 17-14. AS-501 and AS-502 flight data are 
also presented for comparison. The postflight predictions are in good 
agreement with the AS-503 flight data. 


Figure 17-14 shows that the data band of total heating rates for AS-501 
and AS-502 flights is wider prior to interstage separation when compared 
with the present flight data. This difference could be caused by a slight 
variation of the reversal flow phenomena and/or by variations jin engine 


performance. 
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Figure 17-14. S-II Thrust Cone Heating Rate 
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Gas recovery temperature at the S-II stage base heat shield aft face is 
shown in Figure 17-15. The postflight predicted gas recovery temperature 
is based on model test data, and on AS-501 and AS-502 base heat shield 
heating rates. A gas recovery temperature was calculated from flight 
transducer temperature data, using a probe emissivity factor of 0.425, 
and is also shown in Figure 17-15. 
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Figure 17-15. S-II Base Gas Temperature 
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Temperatures recorded during the AS-503 flight on the aft face of the base 
heat shield were well below design values, and compared favorably with 
previous flights. Figure 17-16 presents a comparison of AS-503 base heat 
shield aft face temperature data with AS-501 and AS-502 flight data and 
design temperatures. The lower temperatures in the AS-501 band were due 
to the added heat capacitance of special steel transducer mounts used for 
two of the AS-501 measurements. The extended flight time for the AS-502 
was due to loss of two engines at 413 seconds. Thus, the AS-503 band is 
the first true indication of expected neminal flight data. The maximum 
recorded AS-503 temperature of 764°K (915°F) occurred at 443 seconds, 
immediately prior to the PMR shift which reduced the heating rate, and 
was slightly higher than the maximums of 742°K (875°F) and 735°K (865°F) 
recorded on AS~501 and AS-502, respectively. The design temperatures 
were calculated using the maximum design environment. 


The effectiveness of the heat shield and flexible curtains as a thermal 
protection system was demonstrated by the relatively low temperatures of 
the heat shield forward surface, as shown in Figure 17-17, when compared 
to the high temperature on the heat shield aft face shown in Figure 17-16. 
The range of heat shield forward surface temperatures measured on AS-502, 
shown in Figure 17-17, was below design and similar to the range of 
temperatures measurea on AS-501 and AS-502. 


17.4 S-IVB ENGINE AREA THERMAL ENVIRONMENT 


The S-IVB engine area thermal environment showed a normal response as 
evidericed by the J-2 engine ASI skin temperatures. These skin temperatures 
are discussed in paragraph 7.3 and are shown in Figure 7-10 of Section 7. 


17.5 VEHICLE AEROHEATING THERMAL ENVIRONMENT 
17.5.1 S-IC Stage Aeroheating Environment | 


The aerodynamic heating environments were measured using thermocouples 
attached to the backside of the structural skin on the S-IC forward skirt, 
intertank, engine fairings, and fins. In addition, external skin temperature 
measurements were made on the forward skirt. Generally, the aerodynamic 
heating environments and skin temperatures were within prediction bands, 
below design limits, and were slightly lower than AS-501. and AS-502 flight 
data. 


Comparisons of measured skin temperatures and heating rates derived from 
these temperatures for AS-501, AS-502, and AS-503 flights are presented 
in Figures 17-18 through 17-26. Postflight simulated skin temperatures 
are alsg included. The fin skin temperature simulation includes 0.284 
watt/cem2 (0.25 Btu/ft2-s) for sea level plume radiation and a factor for 
variation with altitude. In addition, the flow separation environments | 
were included in the fin Eenperatine simulations. 
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Figure 17-16. S-II Heat Shield Aft Face Temperatures 
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Figure 17-17. S-II Heat Shield Forward Face Temperatures 
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External skin temperatures and corresponding heating rates on the S-IC 
forward skirt are presented in Figures 17-18 and 17-19. The measurements 
shown in these figures were not installed on previous vehicles. Figure 
17-18 shows a higher heating rate than Figure 17-19 due to one measurement 
being located in a protuberance wake interference area and the other being 
located in a clean skin area. A comparison of forward skirt skin tem- 


peratures for AS-501, AS-502, and AS-503 vehicles is shown in Figure 17-20. 


Measurement C316-120, located on the forward skirt inner skin and shown 
in the bottom graph of this figure, was not installed on previous 
vehicles but shows the same temperature response as adjacent measurements. 
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Figure 17-20. S-IC Forward Skirt Aerodynamic. Heating 
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Intertank skin temperatures are shown in Figures 17-21 and 17-22, along 
with heating rates derived from these temperatures. The AS-503 measured 
temperatures are below those of AS-501 and AS-502, thus reflecting a 
slightly less severe heating trajectory than that flown by AS-501 and 
AS-502 and a recession of the forward point of flow separation which 

was observed during AS-503 flight after IECQ. 


Measured skin temperatures and the corresponding heating rates for the 
engine fairings and fins are presented in Figures 17-23 through 17-26. 
These measurements indicate that flow separation reached the fins and 
engine fairings at approximately 110 seconds. The thermal environment 
during the period of flow separation was due to radiation. A sharp — 
decrease in the flow separation environment is indicated at approximately 
130 seconds, which represents a transition period of approximately 4 
seconds after IECO. The temperature simulations include the predicted 
flow separation environment from lid to 130 seconds and a reduced flow 
separation environment based on empirically established heating rates 
after 130 seconds. 


Measurements made of the forward point of flow separation from flight 
optical data at various flight times are shown in Figure 17-27 for the 
AS-501, AS-502 and AS-503 flights. At IECO (125.93 seconds) this data 
indicates that separation receded rapidly and re-established at approxi- 
mately 130 seconds at or near vehicle station 12.7 meters (500 a: 

This recession in the forward point of flow separation was not confirmed 
by AS-501 oytical data since IECO for AS-501 occurred at 135 seconds and 
optical data was not available beyond 135 seconds. Also, flow separation 
recession on AS-502 was not discernible due to IECO at 145 seconds and 
Outboard Engine Cutoff (OECO) a few seconds later. Fin and engine fairing 
temperatures did, however, show similar responses during AS-501 and AS-503 
flights after IECO. 


Skin temperatures on the forward skirt remained nearly constant until 90 
seconds and then increased to a maximum of 303.16°K (86°F) just prior to 
S-IC/S-II separation, as shown in Figure 17-28. These temperatures closely 
resembled previous flight experience. 


To assist in assessing the thermal environment that is actually present on 
the exterior of the forward skirt during flight, 0.1 inch-thick aluminum 
plates were installed on the outside of the silicone rubber insulation, on 
top of the hat sections at four locations. Figure 17-29 presents the 
preflight maximum plate temperature predictions, the measured temperature, 
and the postflight correlation for one of these plates. 
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Due to improved thermocouple installation techniques, the AS-503 flight 
js the first on which accurate LOX tank skin temperatures have been | 
measured. The abbreviated previous flight data band shown in Figure 17-30 
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Figure 17-23. S-IC Engine Fairing 
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Figure 17-24. S-IC Engine Fairing 
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Figure 17-27. Forward Point of Separated Flow 


represents the extent to which good data was received from the AS-501 and 
AS-502 flights. The AS-503 temperatures are well below the predicted 
maximum. 


Intertank skin temperatures at liftoff were below those previously 
experienced, as seen in Figure 17-31. This is attributed to lower ambient 
temperatures and lower sea level wind velocities prior to liftoff. The 
temperatures at S-IC/S-II separation were well below those previously 
experienced which is attributed to the lack of plume-induced flow 
separation in this area for a significant period of time due to early IECO. 


As was the case for the LOX tank, improved thermocouple installation 
techniques have permitted, for the first time, accurate fuel tank skin 
temperature measurements. These temperatures follow predicted trends, as 
seen in Figure 17-32. 


As.seen in Figure 17-33, the thrust structure skin temperature followed 
trends similar to those experienced on the first two flights. The sudden 
change of slope at 130 seconds, and failure to reach previously experienced 
temperatures is attributed to the sudden change in the extent and strength 
of the plume-induced flow separation region at IECO. | | 
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Figure 17-28. S-IC Forward Skirt Skin Temperature 
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Figure 17-29. S-IC Forward Skirt Thermocouple Plate 
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Figure 17-30. S-1C LOX Tank Skin Temperature 
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Figure 17-31. S-IC Intertank Skin Temperature 
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Figure 17-33. S-IC Thrust Structure Skin Temperature 
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Temperatures on the aluminum portion of the fairings (forward of the heat 
shield) closely resembled those previously experienced, as is evident in 
Figure 17-34. Once again, the sudden leveling off of temperatures at 130 
seconds is attributed to IECO and the resultant changes in the plume- 
induced flow separation region. 


Temperatures on the titanium portion of the fairings (aft of the heat 
shield) are similar to the temperatures from previous flights, as shown in 
Figure 17-35. 


As seen in Figure 17-36, temperatures on the wedge or forward section of 
the fins closely resemble the data obtained from previous flights until 
130 seconds:after which temperatures remain nearly constant until S-IC/ 
S-II separation. This is due to the collapse of the region of plume- 
induced flow separation at IECQ. Temperatures on the flat or aft portion 
of the fin are not shown for the sake of brevity, but are similar to those 
measured on the wedge portion. 


Temperatures measured on the aft face of the fins were lower than those 
measured on earlier flights, as shown in Figure 17-37. 


17.5.2 S-II Stage Aeroheating Environment 


Aeroheating on the S-II stage was analyzed using the AS-503 preliminary 
Observed Mass Point Trajectory and angle-of-attack data from Q-bal] 
measurements. Atmospheric data were obtained from the Meteorological 

Data Tape. The aeroheating rates were then calculated by means of a 
digital computer program. These predicted aeroheating rates were corrected 
to calorimeter conditions for purposes of direct comparison with flight 
data. | 


Postflight predicted heating rates to calorimeters on the S-II aft inter- 
stage are compared to AS-503 flight data in Figure 17-38. AS-501 and AS~502 
flight data are also shown in Figure 17-38. These calorimeters are not 
affected by protuberances. The agreement of AS-503 data with postflight 
prediction and with previous flight data is good. 


The heating rates to calorimeters on the forward conical fairings of ullage 
motors on the S-II aft interstage are compared with the postflight 
prediction in Figure 17-39. The agreement between the postflight prediction 
and AS-503 flight data is good. 


The heating rate to a calorimeter on the aft boattail of an LHo feedline 
fairing is shown in Figure 17-40 together with a postflight prediction 
and AS-501 and AS-502 data. aut 


A postflight heating rate prediction, together with the AS-503 heating rate 
to calorimeters located on the forward conical portion of the LH? feedline 
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Figure 17-35. S-IC Aft Fairing Skin Temperature 
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Figure 17-36. S-IC Fin Wedge Section Skin Temperature 
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Figure 17-37. S-IC Fin Aft Face Structural Temperature 
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Figure 17-38. S-II Aft Interstage Aeroheating Environment 


fairing, is shown in Figure 17-41. Also shown are AS-501 and AS-502 flight 
data. The AS-503 flight data agrees well with the postflight Birt eel 
and with previous flight data. | 


SSeS RR A ETSY pra 


BITE 


The As- 503 flight penaueati ng. rates were considerably lower than the design 
values. 
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Figure 17-39. ‘S-II Aft Interstage Aeroheating 
Environment, Ullage Motor Fairing 


Representative AS-503 structural and fairing surface temperature data are 
shown in Figures 17-42 through 17-44. In general, temperatures based on 
postflight predicted heating rates are in good agreement with flight data. 
Flight data and prediction for forward skirt skin temperature are shown 

in Figure 17-42. The postflight prediction is only slightly higher than 
flight data. Figure 17-43 presents AS-503 aft interstage stringer cap 


temperature data. Predicted and flight values of temperature are in good © 
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Figure 17-40. S-II LH2 Feedline Att Fairing Heating Rates i 
agreement. For comparison, AS-501 and AS-502 aft interstage stringer 
temperature data are also shown in Figure 17-43. Feedline fairing 
temperature data and predictions are presented in oS 17-44. 
17.5.3 S-IVB Stage Aeroheating Environment 
Sufficient instrumentation to perform a thernal epaiys tS was not Scheduled: 
for the AS- 503 S-IVB grades | | 
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Figure 17-41. S-II LH2 Feeciline Forward Fairing Heating Rates 
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Figure 17-42. S-II Body Structural Temperatu 
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Figure 17-43. S-II Aft Interstage Structural Temperature 
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17.5.4 IU Aeroheating Environment 


The IU inner skin temperatures, from launch through the end of first burn 
at 685 seconds, are presented in Figure 17-45. These data, in general, 
show good agreement with AS-502 data and no problems were noted. 
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Figure 17-45. IU Inner Skin Temperatures for Ascent 
17.6 VEHICLE ORBITAL HEATING ENVIRONMENT | 


The IU inner skin temperatures, for portions of the time in earth orbit, 
are shown in Figure 17-46. The temperatures are shown to be cycling 
between the same maximum and minimum values that were observed on the 
AS-502 flight, as the vehicle orbital path alternated between zones of 
earth shadow and solar heating. 
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Figure 17-46. IU Inner Skin Temperature, Earth Orbit 
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SECTION 18 
ENVIRONMENTAL CONTROL SYSTEM 


18.1 SUMMARY 

The S-IC canister conditioning system and the aft environmental 
conditioning system performed satisfactorily during the AS~-503 
countdown. 


The S-II thermal control and compartment conditioning system maintained 


temperatures within the design limits throughout the prelaunch operations. 


The IU Environmental Control System (ECS) performed well throughout the 
flight. Coolant temperatures, pressures, and flowrates remained within 
the predicted ranges and design limits for the first 3 hours of available 
flight data. 


18.2 S-IC ENVIRONMENTAL CONTROL 


The ambient temperature of the 18 canisters in the S-IC stage forward 
skirt compartment must be controlled at 299.8 +11.1°K (80 +20°F) during 
equipment operation prior to J-2 engine chilldown, and between 324.8 to 
277.6°K (125 to 40°F) during J-2 engine chilldown. No canister con- 
ditioning is required after S-IC forward umbilical disconnect. 


The canister temperatures remained within the required limits during the 
countdown, as shown in Figure 18-1. Canister No. 6 recorded the lowest 
temperature 285.9°K (55°F) during prelaunch. The lowest canister 
temperature measured in flight was 256. cae (2.5° F) in canister No. 25 

as shown in Figure 18-1. ay 


‘During J-2 engine chilldown the thermal environment is at the most 
critical point. Within this period the ambient temperature in the 
forward skirt compartment dropped as shown in Figure 18-2. The lowest 
temperature, 173.2°K (-148°F), was recorded at instrument C207-120 which 
is located under a J-2 engine nozzle and receives the maximum effect of 
the cold helium. All other ambient ce were above the 205 .4°K 
AR 90°F F) predicted minimum. 


~The deciai requirements for the aft compartment are that the prelaunch 
temperature be maintained at 299.7 +8.3°K (80 +15°F) near the 
- batteries and the remainder of the compartment “be maintained at. 

299, 8 tN. 17K (80° +20°F)., 
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Figure 18-1. 
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Figure 18-2. S-IC Forward Compartment Ambient Temperature 
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Aft compartment prelaunch temperatures were maintained within the design 
requirements, as shown in Figure 18-3. The lowest prelaunch temperature 
recorded was 293.2°K (68°F) at instrument number C203-115: During flight 
the Cae recorded temperature of 272.6°K (31°F) was also at instrument 
C203-115. 


18.3. S-II ENVIRONMENTAL CONTROL 
The S»II stage Environmental Control System consists of two parts. 


a. The engine compartment conditioning system provides a means of 
purging the engine and aft interstage area of explosive mixtures 
during propellant loading operations, and maintaining proper 
temperature control for stage components. The compartment purge 
is effected by means of warm GN2 and is operational. only during 
the prelaunch period. The compartment vents have been designed 
to meet these objectives and to relieve internal pressure during 
S-IC boost. 


b. The thermal control system is designed to provide both temperature 
control and an inert atmosphere for the electronic equipment 
containers in the aft compartment. Ground equipment provides 
conditioned air for cooling during ground checkout, and GN2 for 
purging and heating during and after propellant loading. The 
conditioned gas is directed to the equipment containers through 
ducting, and exhausts to the interstage area. The flow is fixed 
by orifices and is continuous until: terminated at umbilical 
disconnect. During flight, thermal inertia and container in- 
sulation will preclude out-of-tolerance equipment temperatures. 


The engine compartment conditioning system maintained the compartment 
temperature within the design limit throughout the prelaunch operations. 
Engine compartment ambient temperature transducers, which were common 
to AS-502 and AS-503, generally indicated temperatures throughout the 
AS-503 countdown similar to those during AS~-502 countdown . 


AS-502 and AS-503 temperatures were generally lower than AS-501 because 
the purge temperature was adjusted to produce average compartment 
temperatures at the control thermistor (12K11) on the low side of the 
975 to 280°K (35 to 45°F) tolerance. The new thrust cone aft ambient 
measurements and the new engine area ambient measurements indicated a 
relatively narrow temperature range in this zone of 283 to 294°K (50 to 
70°F) prior to thrust chamber chilldown. However, a considerable | 
temperature gradient relative to azimuth location was indicated by — 
these measurements after thrust chamber chilldown. For example, the 
thrust cone ambient after chilldown was 213°K (-75°F) at position II; 
and was 255°K (O°F) at position I. The minimum engine area ambient 

was 194°K (-110°F) at position II, and the maximum was 9A1°K (-25°F) © 
at position IV. It is suspected that the ambients in the vicinity of 
position I are lower than the others due to dissimilar helium flow rates — 
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Figure 18-3. S-IC Aft Compartment Temperature Range 
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and/or temperatures issuing from the thrust chambers during chilldown. 
Supporting data for this theory are the thrust chamber jacket temperatures, 
and the fuel injection temperatures, which indicate that engines No. 1 

and No. 2 (straddling position II) cooled faster and to lower temperatures 
than the other three engines. 


Ambient temperature measurements, in the vicinity of the S-IC thermal 
control containers, indicated temperatures at liftoff of 243°K (-30°F) 
and 253°K (-4°F), respectively, indicating that the ambient temperature 
in this vicinity was above the minimum requirement of 205°K (-90°F). 


Thrust cone temperature measurements indicated that the thrust cone 
structure was below the required 255°K (O°F) maximum design temperature 
at liftoff. 


There were no indications of hydrogen or oxygen in the S-IC/S-II 
interstage throughout the countdown. 


The forward thermal control system maintained the equipment mount 
temperatures in the middle of the design range throughout countdown and 
flight. The temperatures at liftoff were 4.5 to 9.5°K (8 to 17°F) colder 
than those of AS-501 and 0 to 4°K (0 to 7°F) colder than AS-502. Similar 
to AS-501, the greatest drop in equipment mount temperature during flight 
was 4.5°K (8°F) and the greatest rise was 1°K (2°F). These changes 
occurred in containers 221 and 225, respectively. 


Container 214 was the only instrumented container in the aft thermal 
control system. The equipment mount temperature history in this 
container was within 2.75°K (5°F) of that recorded on AS-501 and AS-502. 
On the basis of this one measurement and the absence of any anomalies 
in equipment housed in the other containers, it is assumed that the aft 
thermal control system performed satisfactorily. 


18.4 S-IVB ENVIRONMENTAL CONTROL 


Temperature control for S-IVB forward skirt electronic components is 
provided by mounting the container on cold plates. A Methanol/Water 
(M/W) coolant, supplied by the IU Thermal Conditioning System (TCS), is 
circulated through these cold plates to carry away waste heat. The | 
containers on AS-503 were not instrumented for temperature measurements, 
however, normal operation of the electronic components indicate that 
temperatures were maintained within proper limits. 


The S-IVB Environmental Control System for the aft skirt. and interstage 
provides the following: 


a. . Thermal conditioning cf the atmosphere, during ground operations 
around electrical equipment in the aft ‘skirt. 
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b. Thermal conditioning of the Auxiliary Propulsion System (APS), 
hydraulic accumulator reservoir, and ambient helium bottle. 


c. Parging of the aft skirt, aft interstage and thrust structure, 
and the S-II stage forward skirt of oxygen and combustible gases. 


Temperature-controlled air or GN2 is supplied at the rate of 3500 SCFM 
to accomplish the thermal conditioning. The GN2 purge is initiated at 
LOX loading and is continued until umbilical disconnect. The system 
performance appeared to be satisfactory; however, a detailed analysis 
was not made. 


18.5 IU ENVIRONMENTAL CONTROL 


The ECS maintained acceptable operating conditions for components mounted 
within the Instrument Unit (IU) and the S-IVB stage forward skirt during 
preflight and flight operations. The ECS is composed of a Thermal Con- 
ditioning System (TCS) and a Gas Bearing Supply System (GBS). A Preflight 
Purge Subsystem provided compartment conditioning prior to launch. 


18.5.1 Thermal Conditioning System 


A conditioned environment in the IU/S-IVB stage compartment is maintained 
prior to launch by a temperature and flow regulated supply of air or 
GN2. The environmental conditioning duct distributes the regulated | 
ground supplied air throughout the compartment through orifices in the 
duct during the preflight checkout phases. During fueling operation, 

GN2 is used to purge the IU compartment. Purging terminates with 
umbilical separation. Preflight data received from Kennedy Space Center 
indicate satisfactory operation. The required 290.2 to 292.8°K (63 to 
73°F) compartment temperature was maintained. 


The IU TCS, shown in Figure 18-4, maintained an acceptable M/W coolant 
temperature of 288 +0.56°K (59 +1°F) for the IU and S-IVB stage 
electrical components during prelaunch and 280.4 to 293.15°K (45 to 68°F) 
during flight operations. A coolant pump circulates the M/W fluid to 
the IU and S-IVB stage TCS. Flowrate distribution is controlled by 
fixed orifices. The IU flowrate is proportionally distributed to the 

16 IU cold plates and the 4 internally cooled components. These 
components are: stabilized platform, Flight Control Computer (FCC), 
Launch Vehicle Data Adapter (LVDA), and Launch Vehicle Digital Computer 
(LVDC). The IU and S-IVB stage coolant is then returned to a heat 
exchanger assembly. This heat exchanger is cooled by a sublimation 
process. Water, supplied from a pressurized accumulator, passes through 
a porous plate in the sublimator where the pressure is reduced to | 
compartment ambient. The water is then cooled to the frozen state and 
evaporates by sublimation at the near vacuum compartment pressure. This 


then serves as a heat sink. At 5 seconds after liftoff a switch selector — 


command diverts 100 percent of the M/W coolant flow through the heat 
exchanger. At about 180 seconds, a switch selector command opens the 
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Figure 18-4. IU Environmental Control System Schematic Diagram 
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water solenoid valve and starts the sublimation cooling cycle. Starting 
at 480 seconds the LVDC senses the M/W coolant temperature once every 
300 seconds. If the coolant temperature is above the thermal switch 

set point upper limit of 288.6°K (60°F) at this time, the water valve 

is commanded open to initiate a cooiing cycle. If the coolant 
temperature is less than the thermai switch set point lower limit of 
288.3°K (59.6°F), the water valve is commanded closed and sublimator 
cooling is terminated until the temperature is sampled again. 


Figtire 18-5 shows the M/W control temperature cycling within the required 


280.2 to 293°K (45 to 68°F) temperature band during the period that data 
is available. Pressures and flowrates remained within the required 
ranges. Shertly after liftoff the MFCV went toward the full sublimator 
flow position. Figure 18-6 shows the sublimator performance during 
ascent. The water valve opened at 184.77 seconds and gradually 
increasing cooling was evident until approximately 500 seconds. At 

this time, the sublimator completed its fill cycle and a high level of 
cooling was apparent. ~The “2S GN2 usage, shown in Figure 18-7, was 
slightly less than nominai. A 0.0322 kg/hr (0.07 1bm/hr) usage rate 


was es the allowable range of 0.03 to 0.044 kg/hr (0.6 066 to 0.097 
Tbm/hr 
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| Figure 18-5. Thermal €onditionina System 
Metnanol/Water Control Temperature 
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Figure 18-6. IU Sublimator Performance During Ascent 


Selected component temperatures are shown in Figure 18-8. 
18.5.2 Gas Bearing Supply System 


The Gas Bearing System (GBS), shown in Figure 18-4, supplies GN2 at a 
regulated pressure and temperature to the ST-124M Inertial Platform 
‘Assembly (Platform) for preflight and flight operation. The GBS consists 
of a storage sphere, heat exchanger, pressure regulator, low-pressure 
switch, two filters, a supply and emergency vent, solenoid valve, 
calibration line, and associated tubing. 


During system operation, GN2 flows from the storage sphere at an initial 
pressure of 2068 N/cm2 (3000 psig). After the GN2 is filtered, the 
pressure regulator drops the pressure to an acceptable value for the 
air bearing operation. The GN2 flows through the heat exchanger and a 

second filter to the Platform gas bearing inlet. The heat exchanger 
thermally conditions the GN2. A line from the Platform to the dome of 
the pressure regulator supplies the reference pressure required to 
control the pressure differential across the gas bearings. 
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Figure 18-7. Thermal Conditioning System GN5 Pressure 


The gas bearing sytem performance is shown in Figure 18-9. A gradual 
increase in the inlet pressure differential can be seen starting during 
the second S-IVB stage burn, and a 0.31 N/cm@ (0.45 psid) shift can be 
seen at spacecraft separation at 12,056.3 seconds after which the 

gradual increase continued. The 10.7 N/cmé@ (5.5 psid) specification 
‘maximum was exceeded when this shift occurred. The probable cause of 
this occurrence was a shift in spring displacement in the gas bearing 
pressure regulator. This shift has been seen during component tésting 
and has been shown to be the result of low torque on the adjustment 
screw locknut. No problems occurred as a result of this shift in pressure 
differential. The GBS usage, as shown in Figure 18-10, was slightly less 
than that nominally expected. A 0.35 SCFM usage rate, which was within 
the 0.3 to 0.5 SCFM allowable range, is indicated. 
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Figure 18-8. Selected Component Temperatures 
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Figure 18-9. Pressure Differential Across Gas Bearings 
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Figure 18-10. Gas Bearing System GNo Pressure 
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SECTION 19 
DATA SYSTEMS 


19.17 SUMMARY 


The AS-503 launch vehicle data system consisted of 2670 active flight 
measurements, 21 telemetry links, onboard tape recorders, film and tele- 
vision cameras, and tracking. With the exception of the onboard film 
cameras, all data system elements performed very satisfactorily. As 
discussed in paragraph 19.6, only one of the four S-IC film cameras was 
recovered, 


The performance of all vehicle telemetry systems was excellent. The last 
usable VHF data were received by the Guaymas and Texas stations from 
' telemetry links CF-1 and CP-1 at 15,660 seconds (4:21:00). 


Performance of the Radio Frequency (RF) systems was satisfactory. 
Measured flight data, with few exceptions, agreed favorably with expected 
trends. Final loss of RF carrier signals after translunar injection were 
as follows: VHF telemetry was last received by Guaymas at approximately 
29,230 seconds (8:07:10), Command and Communication System (CCS) was lost 
by Guaymas at approximately 44,357 seconds (12:19:17), and the C-Band 
radar transmission was last received by Grand Turk Island (GTI) at 
approximately 21,325 seconds (5:55:25). 


Ground camera coverage was good as evidenced by 81.5 percent system 
efficiency. The onboard television (TV) systems performed satisfactorily 
and provided useful data. , 


19,2 VEHICLE MEASUREMENTS EVALUATION 


Flight measurements transmitted by the AS-503 instrumentation systems 
provided data for real time monitoring and postflight evaluation of the 
launch vehicle. The received data were reviewed and their respective 
measureitents classified according to successfulness to achieve assigned 
flight requirements. This measurements evaluation provided an indication 
of the instrumentation system's performance and apprised data users of 
any limitations in the data for other vehicle systems analyses. 


19-1 


wt BE, 


in CN ec Pa NT RI ERI Ts Rp 


tne 


+ MRE REE ap oan aan ee 


aes 


eee ca stent 


z Ae se i aia yen ee re 





womertign gata: oy gece Coen Sense rent sie an oe nets : : 
SPR Png SS ge ge se 


Definitions of the adopted flight measurement classifications follow as 
a guide for the interpretation of subsequent material: 


Measurements, 
Scheduled 


Measurements , 
Waived 


Measurements, 
Active 


Measurements, 
Failed 


Measurements , 


Partially Failed 


Measurements , 
Successful 


Measurement 
Reliability 


Measurements , 
Out of Range 


Measurements , 


Questionable 


% Reliability = No. of successful measurements X 


Any measurements that have not been judged as 
being successful, failed, or partially failed 


Those measurements listed in the Instrument 
Program and Components (IP&C) List for the 
particular flight and stage, which are wholly on 
the stage. 


Scheduled measurements which have been deletec 
as a flight requirament by NASA prior to start 
of automatic countdown sequence, but are not 
necessarily inoperative. 


Scheduled flight measurements that have not been 
waived when automatic countdown sequence starts. 


Active flight measurements which, due to 
malfunction, fail to achieve their intended 
purpose. 


Active flight measurements which successfully 
achieve their intended purpose despite a 
malfunction during flight. 


Measurements which achieve their intended purpose 
and include total successes and partial failures. 


The percentage of active flight measurements 
which achieve their intended purpose (including 
partial failures). Questionable measurements 
are excluded from assessment. The measurement 
reliability is determined as follows: 


100 | 
No. of active flight measurements 


Measurements which register above or below the 
assigned information bandwidth during any part 

of the flight are defined as being out of range. 
All out of range measurements, which are not also 
classified as failures or partial failures, are 
listed in the Out of Range Measurements table. 


(at time of this report issuance) shall be 
referred to as questionable measurements. 


seonecnwenars pepe teeters omar thay ny qeime aambentrerianaae 9 ZecneapAee te App OE Deeg geen Bry neva re theese an cts atte fonts gangs paint dice ca gied Meynis. 4s ph Fedygaiteninea ae 
neal Heres SUSU SE ESTES RET TE Pager age ee praia SST Lat bl Ie 2 


There were 2675 scheduled flight measurements on the AS-503 launch vehicle 
of which only 5 were waived prior to automatic countdown. Of the remaining 
2670 active measurements, 27 failed, resuiting in a launch vehicle measure- 
ment reliability of 99.0 percent. A summary of the launch vehicle's measure- 
ments performance is presented in Table 19-1. 


Measuring system performance for the AS-503 launch vehicle was excellent. 
The only abnormality of interest was the temporary loss of several S-II 
temperatures due «0 the intermittent operation of three power supplies. 
However, no critical operational parameters were affected and the data 
loss did not impair flight performance evaluation. 


19.2.1 S-IC Stage Measurement Analysis 


There were 893 flight measurements scheduled for the S-IC stage. Prior to 
the start of automatic countdown sequence, 3 measurements gave malfunction 
indications and were waived. (See Table 19-3 for a summary). However, 
two waived measurements did provide usable flight data. Of the remaining 
890 active flight measurements, 6 failed, 23 partially failed, 5 were 
improperly ranged, and 2 were questionable. The faijures and partial 
failures are summarized in Table 19-3. Table 19-4 gives a summary of the 
improperly ranged measuremerits and questionable measurements are presented 
in Table 19-5. Based upon tiie numbers of active and failed measurements, 
the S-IC stage flight measurement reliability was 99.3 percent. 


Table 19-1. AS-503 Flight Measurement Summary 


MEASUREMENTS INSTRUMENT | 
CATEGORY UNIT 


Scheduled 
Waived 
Failures 
| Partial Failures 
| Improper Range 
Questionable 


Reljability, % 
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*Notes: 1. S-IVB Phase I period of performance is from liftoff to parking 
| ~ “orbit insertion. ace 
2. S-IVB Phase II period of performance is from liftoff until end 

of S-IVB stage flight period of performance. — | 
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Performance of the S-IC PGGO suppression system measurements was satis fac- 
tory and a significant improvement was noted in the quality of acoustic 
and high frequency vibration data on this flight. Several of the latter 
category of measurements had increased ranges and low pass filters added. 
These modifications resulted in a 95.9 percent reliability in the acquisi- 
tion of these measurements compared to 90.2 percent for AS-502. 


19.2.2 S-II Stage Measurement Analysis 


There were 1001 flight measurements scheduled for the S-II stage. Prior 
to the start of automatic countdown sequence, 2 measurements gave mal func- 
tion indications and were waived. The waived measurements, summarized. in 
Table 19-2, provided no useful flight data. The remaining 999 active 
flight measurements, 16 failed, and 49 partially failed (44 of which were 
associated with the intermittent performance of three temperature bridge 
power supplies). The failed and partially failed measurements are sum- 
marized in Table 19-3. Based upon the number of active and failed measure- 
ments, the S-II stage flight measurement reliability was 98.4 percent. 


Twice during the flight, power supplies for temperature measurement 
bridges intermittently open-circuited. As discussed in paragraph 13.3, 
output voltages M046 and M059 were intermittent for approximately 30 
seconds through the period of Max Q. During this time, all 25 temperature 
measurements connected to these power supplies similarly went off scale. 
All affected measurements returned to normal following the return of 
correct power supply voltage. At approximately 443 seconds, power supply 
voltage M053 became intermittent and caused 19 temperature measurements 

to go off scale for approximately 30 seconds and then .return to normal 


when correct power was reapplied. All 44 measurements provided satisfactory 


Table 19-2. AS-503 Flight Measurements Waived Prior to Launch. 


eta MEASUREMENT TITLE NATURE OF FAILURE REMARKS 


S-IC STAGE 





041-115 Temperature, Helium Inlet Manifold Remained at Maximum daiver. L1A-1-47; No Valid Data. 
0027-101 — Pressure, Surface, Outboard Engine Inoperative Before Waiver LIA-1-46; Valid Bata During 
Flight Flight. 
NO20-115 Film Camera Timer Operation Indicator | Time Code Not Per Waiver LIA-1-48; Partially Valid 
| Specification Data. 
; S-I1 STAGE 
C063-218 Temperature, LHp Dome External Ee. Indicated Maximum No Valid Data. 
Insulation Surface ; | Temperature Before And 
. one ; ~ } During Flight 
DO30-201 Pressure, E] LHo Recirculation Pump Abnormally Low Indica- No Valid Data. 
Discharge tion Before And During - 
Flight ie 
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Table 19-3. AS-503 Flight Measurement Malfunctions 


MEASUREMENT TURE DURATION 
auc MEASUREMENT TITLE NATURE OF FAILURE FAILURE | saTSFACTORY 








TOTAL MEASUREMENT FAILURES, S-1€ STAGE 


BO04-114 Acoustic Rear Fin D High amplitude, low -5 seconds Saturation of system due 
frequency noise to high vibration level 


NOO1~-120 Telemetry Antenna Reflec- | No data -5 seconds Failure of VSWR monitor 
ted Power Link F-] 

0046-106 Pressure, Diff, Heat Data high throughout most Entire Flight] None Port cap probably left 
Shield of flight on 


0015-103 Pressure Engine Gimbal Data reads 40 psi low but -5 seconds Reason unknown 
System Pitch Actuator shows. normal trend through- 
Return out flight 


E£039-103 { Vibration, Fuel Pump Inlet} Data does not agree with | -5 seconds System saturation due to 
previous flight data high vibration level 


E042-104 Vibration, Fuel Pump Data does not agree with -5 seconds System saturation due to] 
Flange previous flight data high vibration level 





TOTAL MEASUREMENT FAILURES, S-II STAGE 





C852-218 £1 LH2 Feedline Q FWD Offscate, Low 33 seconds None Apparent open transducer 
circuit ! 
C895-218 LHe Tank Insulation Erratic Signature -90 seconds | None Apparent transducer 
Surface T failure 
0030-202 E2 LHe Recirc Pump Offscale, Low -300 seconds | None Transducer installation 
Disch P incompatible with 
thermal environment 
0030-203 E3 LHg Recirc Pump Offscale, Low ~300 seconds | None Transducer installation 
Disch P incompatible with 
thermal environment 
DQ30-204 E4 LHa Becirc Pump Abnormal pressure -300 seconds | None Transducer installation 
Disch P indication incompatible with 
thermal environment 
0030-205 E5 LHp Recirc Pump Offscale, Low -300 seconds | None Transducer installation 
“ Disch P Lincompatible with 
thermal environment . 
DI2-219 Forward Skirt Static P Siow Pressure Decay 60 seconds None Possible moisture or ice 
fin sensing tube 
0115-219 Forward Skirt Static P Slow Pressure Decay 60 seconds None Possible moisture or ice 
in sensing tube 
0116-219 Forward Skirt Static P Slow Pressure Decay Entire flight} None Possible moisture or ice 
in sensing tube 
0117-219 Forward Skirt Static P Slow Pressure Decay Entire flight] None Possible moisture or ice 
in sensing tube 
0131-218 LH2 Tank Insulation No Pressure Decay Until 0 seconds None Possible moisture or ice 
Ext P 20 Seconds in sensing tube 
0134-218 LHe Tank Insulation Incomplete Pressure Decay | 90 seconds None Possible moisture or ice 
Ext. P in sensing tube 
0152-202 LH2 Recirc Pump Inlet P Remained at Atmospheric 0 seconds None Transducer installation 
Pressure incompatible with 
thermal environment 
D158-206 Heat Shield Aft Face P No increase at ignition 40 seconds None Transducer failure 
£002-203 £3 Radial Vib LOX Pump Data transients Entire flight] None Transducer failure 





6001-205 E5 Turbine Bypass Viv Pos | Data intermittent ; Prior to None Transducer failure 
: liftoff 


| TOTAL MEASUREMENT FAILURES, S-1VB STAGE, PHASE 1 










oe 



















00020-403 Press - Fuel Tank He Only data trends uséful 0. seconds Cause unknown 
Bottle Repress 
£0209-401 Vib - Combustion Chamber No useable data 0 secands Loose cable connector 








Dome - Long suspected 


TOTAL MEASUREMENT FAILURES, S-IVB STAGE, PHASE I1 


C0149-401 Mel - GG Oxid Bleed Valve! Erratic data 18500 secondsj.17229 second Sensor open circuited 
a : Lo, 
‘C0208-405 Temp. - Cold He Sphere Large data shift 9700 seconds |9700 seconds| Possible calibration 
No. 1 Gas ; : error 
: . €2041-403 Temp - Cold He Fill. Line Erratic data : 9793 seconds |.9793 seconds Sensor open circuited 
i NOTE: Phase 1 failures . fand 11630 to 
not relisted. : LOS 
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Table 19-3. 


MEASUREMENT 


NUMBER 


A00}-118 
C003-102 
c020-105 
C087-110 
C093-110 
€132-101 
C228-105 
€342-115 
0008-101 


D038-106 


0089-115 


B120-115 


D15%-115 


£042-102 


£042-103 


KO14-118 
K043-115 


K047-115 


LO11-119° 


L020-119 
$009-120 


$011-120 


$046-135 


AS-503 Flight Measurement Malfunctions (Continued) 


MEASUREMENT TITLE 


NATURE OF FAILURE 


TIME OF 
FAILURE 
(RANGE 
TIME) 


PARTIAL MEASUREMENT FAILURES, S-IC STAGE 





Acceleration, Longitudinal 


Temperature, Turbine 
Manifold 


Temperature, Engine, 
Total Calorimeter 


Temperature, Skin Shroud, 
Internal 


Temperature, Skin Shroud, 
Inner Surface 


Temperature, Heat 
Exchanger Bellows 


Temperature, Calorimeter 
Body 


Temperature, LOX Prevalve 
1, Engine No. 5 


Pressure, Combustion 
Chamber 


Pressure, Base Heat Shield 


Pressure, Differential 
Skin 


Pressure, Surface, Aft 
Skirt 


. Pressure, LOX Pump Intet 


Vibration, Fuel Pump 
Flange, Radial 


Vibration, Fue} Pump 
Flange, Radial 


LOX Level Cutoff 4 


Thrust OK Pressure 
Switch 2, Engine No. 4 


Thrust OK Pressure 
Switch 3, Engine No. 5 


Segment Identification, 
Fuet Discrete 


Segment Identification, 
Position IIIf 


Strain, Forward Skirt, 
Longitudinal 
Strain, Forward Skirt, 
Longitudinal 


Strain, Lower Skirt, 
Longitudinal 


Measurement shows -4gs at 
5 seconds 


Measurement faited at 
18 second: 


Data erratic between 
80 and 105 seconds 


Loss of data from 125 to 
130 seconds : 


Data erratic unti} 
130 seconds 


Data erratic after 
105 seconds 


Data erratic from 80 to 
305 seconds 


Measurement failed at 
70 seconds 


Measurement did not 
respond correctly at OECO 


Data noisy and erratic 
from ignition until 
80 seconds 


Measurement did not 
respond correctly 


Data does not track from 
70 to 105 seconds 


Measurement failed at 
30 seconds 


Measurements contained 
high amplitude, low 
frequency noise 


Measurements contained 
high amplitude, low 
frequency noise 


Measurement switched 
throughout flight 


Measurement switched 
throughout flight 


Measurement switched 
throughout flight 


Measurement. did not lock 
on until 0.3 seconds 


Indicated incorrect 


segment throughout flight 


Data shifted throughout 
flight 


Data shifted throughout 
flight 


Data shifted throughout 
flight 
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-} to 11 
seconds 

18 seconds 
80 seconds 
125 seconds 
-§ seconds 
105 seconds 
80 seconds 
70 seconds 


158 seconds 


-5 seconds 


80 seconds 
70 seconds 


30 seconds 


0 to 20 
seconds 


Q to 20 
seconds 


-5 seconds 
-5 seconds 
-5 seconds 


Prior to 
0.35. seconds 


- Prior to 
Flight 


Prior to 
flight - 


Prior to 
flight 


(rete si 


DURATION 


SATISFACTORY 





OPERATION 


144 seconds 
23 seconds 
135 seconds 
155 seconds 
25 seconds 
110 seconds 


135 seconds 


-75 seconds 


3150 seconds 


60 seconds 


15 seconds 


125 seconds 


35 seconds 


130 seconds 


130 seconds 


| Inter- 


mittent 


Inter- 
mittent 


Inter- 
mittent 


After 0.3 
seconds 


Segments 11 
10;.9, 3, 2 
Shifted 
Shifted 


Shifted 


REMARKS 


Data satisfactory after 
T+11 seconds 


Failed transducer 


Apparent electrical 
connector chatter 


Transducer fajlure 
Transducer failure 


Installation problem. 
Weld broken, 


Apparent electrical 
connector chatter 


Apparent transducer 
failure 


Apparent clogged sensing 
port 


Apparent connector 
chatter 


Clogged sensing port. 
Measurements DO89-115 
and D120-115 connected 
to same port 


Clogged sensing port. 

Measurements D089-115 

and 0120-115 connected 
to same port 


Transducer failed due to 
excessive environment 


Saturation of system 
due to high vibration 
level 


Saturation of system 
due to high vibration 
level 


Apparently triggered by 
strobe light 


Pressure switch chatter 


Pressure switch chatter 


Cause unknown 


Probable cable failure 


Strain gage installation 
failure 


Strain gage installation 
failure ; 


Improper adjustment 


et iygeeeyynemangeg ote 


An gap eteeereesstyntt raey, 


Rez 


Table 19-3. AS-503 Flight Measurement Malfunctions (Continued) 











MEASUREMENT eR TEE DURATION 
NUMBER MEASUREMENT TITLE NATURE OF FAILURE (RANGE SATISFACTORY 
PARTIAL MEASUREMENT FAILURES, S-I1 STAGE 
043-202 E2 ASI Fue? Line Skin T Loss of data, indicated 299 seconds | 299 seconds | 7 <iisducer opens 
: max temp : ; 
0256-203 E3 Fuel Pump Interstage P Loss of data, indicated 298 seconds | 298 seconds | Transducer failure 
min press : 
E001~-204 E4 Long Vib Combstn Dome Noise spikes 349 seconds |349 seconds | Intermittent 
E002-204 E4 Radial Vib LOX Pump Noise spikes 353 seconds {353 seconds | Intermittent : 
E003-204 E4 Radial Vib Fuel Pump Noise spikes 345 seconds |345 seconds | Intermittent 
*C018-219 Forward Skirt Internal Data out of range for 69 seconds 732 seconds | Intermittent operation o 
Amb T approximately 30 seconds bridge power supplies 
M046 and M059 
*€021-219 Forward Skirt Internal 
Amb T 
*C024-219 Forward Skirt Internal 
-Surf T 
*C045-218 LH2 Dome Internal Amb T 
*C051-218 LH2 Dome Internal Surf T 
*C054-218 LH2 Dome Internal Surf T 
*C063-218 LH2 Dome Ext Insul Surf. T 
*C066-218 LH2 Dome Ext Insul Surf T 
*C076-219 Forward Skirt Internal 
Surf. T 
¥*C115-218 LH2 Tank Insulation Surf T ‘ 
*C121-218 LHe Tank Insulation Surf T 
122-218 LH2 Tank Insulation Surf T 
195-216 Systems Tunnel Int Wall T 
90355-220 PM Contr Equip Mt T 
0361-222 Instr Contr Equip Mt T 
0516-225 Tim Contr Wall Surf T 
*C763-218 LHe Tank Liquid T 
*C764-218 LHe Tank Liquid T { 
*C807-219 Temperature at C805 f 
*C889-218 LHe Tank Insulation : 
f Surf T ; 
*C(891-218 j LH2 Tank Insulation po 
Surf T : e 
*C892-218 LHg Tank Insulation e 
Surf T ? 
*C893-218 LH2 Tank Insulation : : if 
Surf T I 
*C894-218 LH2: Tank. Insulation 
Surf T oan 
*C895-218 LH2 Tank Insulation 69 seconds Intermittent operation off or 
Surf T bridge power supplies i 
2 he M046. and 059 
C001 -204 £4 Fuel Pump Discharge T 443 seconds Intermittent operation 
ine , of temperature bridge 
power supply M053 
*C001~205 E5 Fuel Pump Discharge T . 
0002-204 E4 LOX Pump Discharge T 7 
*C002-205 ES LOX Pump Discharge T i 
*C004-204 E4 LOX Turbine Inlet T : 
*C004~-205 ES LOX Turbine Inlet T - 
005-204. E4 Electric Control Box T ie 
0005-205 E5 Electric Control Box T i 
_ *C006-204 | £4 Primary Instr Pkg T fe 
"006-205 ES Primary Instr Pkg T Es 
*c008-204 E4 GG Fuel Valve Inlet T # 
*C008-205 £5 GG Fuel Vatve Inlet T 
*L009-204. C4 GG LOX Valve Inlet T Ce : 
*009-206 £5 GG LOX Valve Intet T Data aut of range. for 443 seconis ]732 seconds | Intermittent operation ie 





-apprax imately 30. seconds of temperature bridge 


power supply MQ53 





*Considered successful measurements: by staae cantractar. 


TORRESEN Re ea ee aces 
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Table 19-3, AS-503 Flight Measurement Malfunctions (Continued) 


TIME OF 
soe MEASUREMENT TITLE NATURE OF FAILURE Palate 


DURATION 


SATISFACTORY 
ees OPERATION 


PARTIAL MEASUREMENT FAILURES, S-II STAGE 


02 Vent Ln Surf T at Exit | Data out of range for 
approximately 30 seconds 


*C180-206 443 seconds |732 seconds | Intermittent operation 


of temperature bridge 
power supply M053 


*c191-206 
*C236-206 
*C515-208 
*C672-206 


Thrust Cone Fwd Amb T 
Thrust. Cone Fwd Amb T 
Instr Contr Cover Surf T 


Engine Compartment Gas T Data out of ranse for 


443 seconds {732 seconds | Intermittent operation 
approximately 30 seconds 


of temperature bridge 
power supply M053 


PARTIAL MEASUREMENT FAILURES, SeIU STAGE 


C19-601 Cold Plate Exit Coolant Instantly dropped off- 75 seconds 
Temp (Loc 5) scale low and remained 
‘there throughout data 
reviewed 


C30-603 Heat Exchanger, Meth/Water} Instantly dropped off- 
Inlet Temp scale tow and remained 
there until S/C 
separation 


Went off-scale low between! 87 seconds 
87 and 157 seconds, then 
normal indication returned 


75 seconds 


83. seconds 83 seconds | Recovered at S/C 
separation; provided 


useable data thereafter 


C44-603 IU Inner Skin No. 8 
(Loc 20) Temp 


87 seconds 
and 157 sec- 
onds to end 
of data 
reviewed 
(10,700) 
seconds 





_*Considered successful measurements by stage contractor. 


Table 19-4. AS-503 Flight Measurements With Improper Range 


‘| MEASUREMENT NATURE OF 
NUMBER MEASUREMENT TITLE OUTPUT TIME ; REMARKS 


S-IC STAGE 


£059-118 Vibration Bending, Offscale high | T-3 to T+15 Valid data except between noted 


Pitch seconds time 
£061-118 Vibration Bending, Offscale high | T-3 to T+15 Valid data except between noted 
Pitch seconds time 
E094-120 Vibration Destruct 
System Mounting 
Panel 


Valid data; vibration environ- 
ment low 


Low through- Duration of 
out flight flight 


FO49-115. Duration of | Measurement saturated full 


flight ~ | scale because of flange leak 


Exceeded full | 55.3 to 56.3 
scale seconds. 
, 79.3 to 80.0. 
seconds 


Flowrate, Joint Offscale high 
Leakage , 


L003-119 Electronics out of alignment 


Lox Level, Position 
3 fata useable at other times 


S-I¥B STAGE 


During He | Measurement ranged for longer 
heater burner times than occurred 
operation 


*C0391-403 Temp - He Heater 


Offscale low 
Support 2 | 


*Stage contractor considers measurement correctly ranged. 
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data except for the short time periods mentioned and none of these measure- 
ments, nor measurements powered by twelve other similar temperature bridge 
power supplies, were associated with operational functions of the stage. 
Their intermittent operation, therefore, did not constitute a hazard to 

the flight. 


The quality of vibration data showed considerable improvement compared 
with that from AS-502. Modifications were incorporated that increased 
measurement ranges and added low pass filters to several of these 
measurement channels. As a result, the acquisition of vibrational data 
was 98.4 percent successful on AS-503 compared with 70.0 percent on AS-502. 


19.2.3 S-IVB Stage Measurement Analysis 


The S-IVB stage had 404 flight measurements scheduled for AS-503, all of 
which. were active at the start of automatic countdown. There were only 

2 measurement failures in Phase I, which begins at liftoff and ends at 
parking orbit insertion. Three other measurements failed during the latter 
part of Phase II, which also starts at liftoff but continues until the 

end of S-IVB stage flight period of performance. These failures are 
summarized in Table 19-3. Measurement C0391-403, Table 19-4, was considered 
improperly ranged because it remained offscale low during the short 09/H2 
burner operation. The measurement was ranged for much longer burner times 
and was therefore not expected to read onscale on AS-503. Based upon the 
number of active and failed measurements, the S-IVB stage flight measurement 
reliability was 99.5 percent for Phase I and 98.8 percent for Phase II. 
Thirty eight other measurements were handled by the S-IVB stage though not 
wholly on the stage and therefore excluded from the reliability assessment. 
An evaluation of these measurements, however, indicated that they were all 
successful. 


Table 19-5. AS-503 Questionable Flight Measurements 


S-IC STAGE 


c014- 101 Temp Eng T Cal Abnormally high Measurement. appears valid but does 
throughout flight. not correlate with related measure- 
ments nor with previous flight data. 


C138-101 Temp Aft Nozzle External Expected temperature Data after 100 seconds indicates 


rise not indicated. the possibility of thermocouple 
failure. 


S+IU STAGE 


J032-602 RF Reflect Power, S? Telemeter Abnormally nigh Measurement appears valid but 
a reading. related measurements and telemetry 
| performance do not substantiate 
‘| validity. 
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19.2.4 S-IU Stage Measurement Analysis 


There were 377 flight measurements scheduled for the S-IU stage. None of 
the measurements were waived prior to the start of automatic countdown and 
all measurements provided usable data. Only 3 measurements partially 
failed and they are summarized in Table 19-3. Measurement J032-602, S1 
Telemeter RF Reflected Power, indicated abnormally high throughout the 
flight while the RF output power indicated normal performance, and data 
from the link were satisfactory. This measurement problem has not been 
resolved and is listed in Table 19-5 as questionable. The flight measure- 
ment reliability of the S-IU stage was 100.0 percent based upon zero 
totally failed measurements. 


19.3 AIRBORNE TELEMETRY SYSTEMS 


The AS-503 launch vehicle contained 21 telemetry links: 6 on the S-IC 

stage, 6 on the S-II stage, 3 on the S-IVB stage, and 6 on the S-IU stage. 
Table 19-6 presents a listing of the vehicle's telemetry links and sum- 
marizes their performances by stage. The 19 VHF and 1 of the 2 UHF telemetry 
links performed very satisfactorily; however, lack of data precluded an 
evaluation of UHF link DP-1. Predicted real time data losses occurred during 
S-IC/S-II separation, S-II main engines ignition, and S-II second plane 
separation. However, onboard tape. recorders stored pertinent data during 
these blackout periods and later successfully transmitted the data to ground 
stations. Four unpredicted data dropouts were experienced, all of which 

were of short duration. Three of the data losses pertained to the S-II stage, 
and one affected both the S-IVB stage and IU stage links for approximately 

3 seconds over Hawaii at 10,375 seconds. 


19.3.1 S-IC Stage Telemetry System 


The S-IC stage telemetry system for AS-503 consisted of six data links and 
all performed very satisfactorily. Data were lost only during S-IC retro 
motor firing at approximately 154.4 seconds, and S-II engine ignition at 
approximately 157.9 seconds for periods of 1.4 and 1.2 seconds, respectively. 


- The real time data lost on the AF-17 and AF-2 links were later recovered 


from playback of the onboard tape recorder as planned. Inflight calibrations 
were initiated at 24.6 and 115.8 seconds. Data show that the inflight cal- 
ibrator and multiplexer calibrator performed within specifi ea flight 
requirements. 


The three PAM/FM/FM telemetry links performed well within established flight 
criteria. Noise figures for the multiplexers were well within tolerance 
and the systems' accuracy, linearity and noise figures were very acceptable. 


The single PCM/FM link, AP-1, performed as predicted. System noise was very ~ 
low with no synchronization errors occurring for 99.2 percent of the flight. 
Only during separation and S-II main engine ignition were synchronization 
errors large age to make the data ee usable. 7 7 


19-10 








Table 19-6. AS-503 Launch Vehicle Telemetry Links 


FREUUENCY | MODULATION | STAGE PERFORMANCE SUMMARY 































FLIGHT PERIOD 
(RANGE TIME, SEC) 








(MHz) 






PAM/FM/FM Satis factory 

PAM/FM/FM 0-408 

PAM/FM/EM 0-408 Data Dropouts 

PCM/FM 0-408 Range Time (sec Duration (sec) 
SS/FM 0-408 

SS/FM 0-408 oo 3 







PAM/FM/FM 
















Satisfactory 















PAM/FM/EM 0-762 
PAM/FM/FM 0-762 Data Dropouts 
PCM/FM 0-762 Range Time (sec Duration (sec 
SS/FM 0-762 78.5 BP-1 only 2.3 
SS/FM 0-762 135 BP-1 only 3.5 

154 2.8 

185 2.0 

200 BP-1 only 1.7 







Flight Duration 
Flight Duration. 
0-707; 9670-10580 }. 


Satisfactory 
Data Dro 





pouts 
Duration 


1.0 
3.0 



















154 


10375 (Intermittent) 




























FM/FM/FM Flight Duration Satisfactory 
PAM/FM/FM Flight Duration 
SS/FM 0-695 Data Dropouts 
PCM/FM Flight Duration Range Time (sec Duration (sec) 
5 PCM/FM Flight Duration 154 1.1 
DP-1B | 2282.5 PCM/FM Flight Duration 10375 (DF-2 only) 3.0 








Data requiring a frequency response between 30 and 3000 hertz are acquired 
and transmitted by single side band telemetry links AS-1 and AS-2. All 
performance requirements for these links were met. Except for the data 
loss at separation and S-II mainstage, data quality was excellent. 


19.3.2 S+-II Stage Telemetry System 


The telemetry system for the S-II stage consisted of six data links, 
three of which were PAM/FM/FM, two SS/FM, and one PCM/FM. All telemetry 
links performed exceptionally well throughout the flight. Three short 
data dropouts occurred during the 762 seconds of telemetry operation which 
had not been predicted. Further discussion of these data losses is 
presented in paragraph 19.5. Predictable data dropouts due to S-IC retro 
motor firing, at approximately 154 seconds, and S-II second plane separa- 
tion, at about 185 seconds, did occur and lasted for approximately 3 
seconds and 2 seconds, respectively. Inflight calibrations of the S-II 
telemetry links were initiated at approximately 126.2, 278.8, 378.8 and 
942.3 seconds. Analyses indicated that all systems operated within © 
required specification limits. All Time Division Multiplexers (TDM) and 


Inter Range Instrumentation Group (IRIG) calibration levels were within 
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3 percent of required values. Judged by the quality of data received and 
evaluated to assess vehicle flight performance, all 6 telemetry links of 
the S-II stage performed satisfactorily. 


19.3.3 S-IVB Stage Telemetry System 


The S-IVB stage telemetry system for AS-503 consisted of three data links 
all of which performed satisfactorily. Two data dropouts were experienced 
during the flight; the first occurred at S-IC/S-II separation (154 seconds) 
of 1-second duration, and the second was a 3-second intermittent dropout 
over Hawaii at 10,375 seconds (see paragraph 19.5.1 for discussion). 
Inflight calibrations were conducted four times and the data revealed a 
possible malfunction in the DPiBO model 270 multiplexer. The abnormality 
consisted in a negative level being produced when the zero level of the 
five step calibration sequence was expected. This condition has not been 
displayed on previous flights and its cause has not yet been identified. 
However, flight data quality were not affected and no data reduction 
difficulties were experienced due to this multiplexer abnormality. 


Performance of the PCM/FM system was excellent except for the minor cali- 
bration difficulty previously discussed. Data reveal that all multiplexers 
were properly synchronized. 


Performance of the FM system was excellent. The center and band edge 
frequencies of all voltage controlled oscillators remained well within 
their specified tolerances. 


Analysis of data taken from the single side band telemetry link verified 
its proper operation. The model 245 multiplexer properly sampled the 
measurements assigned to the subchannels and the 1700 hertz calibration 
signal was within the tolerance limits. The system was commanded ON prior 
to launch and OFF at 707 seconds for S-IVB first burn. It was turned ON 
for second burn at 9670 seconds and OFF at 10,580 seconds. 


19.3.4 S-IU Stage Telemetry System 


The S-IU stage telemetry system consisted of six data links. Evaluations 
of received data indicate that the FM/FM/FM and PAM/FM/FM telemetry links 
performed satisfactorily, had very little system noise and produced high 
quality information. Only two data dropouts occurred; the first | 
occurred at S-IC/S-II separation (154 seconds) of 1.1 second duration, 
‘and the second was a 3-second intermittent dropout of DF-2 at 10,375 : 
seconds over Hawaii (see paragraph 19.5.1 for discussion). | P 


Two of the 3 PCM/FM links performed nominally. There were insufficient 
data to evaluate DP-1A. All received data were of good quality. Very 
little loss of synchronization was seen or reported. No redundant UHF - 
data from DP-1A were available for comparison with the CCS PCM data. 
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The performance of the one SS/FM link was satisfactory. The reflected power 
for this link was above the specification of 9 percent of the forward power. 
However, this power level was also out of specification prior to Jaunch. 
This discrepancy is thought to be a measurement problem. 


19.4 AIRBORNE TAPE RECORDERS 


Airborne tape recorders were installed on the S-IC, S-II and S-IU stages 

of the AS-503 launch vehicle to store necessary real time data during 
predicted transmission blackouts. All tape recorders operated as expected. 
Data stored during the predicted S-IC/S-II separation, S-II main engines 
ignition, and S-II second plane separation blackout periods were success- . 
fully transmitted to ground stations with little degradation. 


19.4.1 S-IC Stage Recorder 


Performance of the 2-track tape recorder on the S-IC stage was very 
satisfactory. The recording and playback of telemetry links AF-1 and AF-2 
was accomplished successfully. 


Record and playback commands were initiated on schedule as shown in Table 
19-7, Data was recorded for approximately -129.2 seconds. The duration of 
the airborne timer which initiates playback was 24.9 seconds and was within 
design limits of 24 + 1.5 seconds. Airborne recorder playback amplifier 
gain was within specification limits of +3 db of the corresponding real 
time data. 


19.4.2 S-II Stage Recorders 


There were two tape recorders on the S-II stage to record the BF-1, BF-2, 
and BF-3 PAM/FM telemetry links and the output of the BT-1 time division 
multiplexer during anticipated RF blackout periods (S-IC/S-II and S-II/ 
S-IVB sebenatioie), ah 


The S-II airborne tape recorders and associated hardware performed—as- ~~ 


required during this flight. Table 19-7 summarizes the S-II tape recorder 
subsystem operation. Operation of the timers used to provide the necessary 
tape recorder sequence after S-II/S-IVB separation was satisfactory. 
Calibration accuracy of the BT-1 multiplexer recorder on track 2 of the 

No. 2 tape recorder was reviewed and determined to de within 3 percent of 
the desired nominal calibration levels. 3 | ? | 


19.4.3 S-IU Stage Recorder 
The AS-503 Instrument Unit (IU) had one magnetic tape recorder which 
recorded the outputs of links DF1 and DF2 during retro firings to insure 


that no data were lost. Two record periods were programmed during the 
mission. A summary of tape recorder operation is given in Table 19-7. 
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Table 19-7. Tape Recorder Summary 


| ag RECORD TIME PLAYBACK TIME 
BECORUED RECORDED (RANGE TIME) (RANGE TIME) 
START | STOP START STOP 


LAUNCH PHASE 










s-IC Recorder AF-1,AF~2 50.2 179.5 
S-II Recorder BF-1,BF-2| 74.6 | 165.7 
No. 1] 486.3 547.3 
S-II Recorder BF-3,BT-1| 74.6 165.7. 
No. 2 486.3 | 547.3 
S-IU Recorder DF-1,DF-2| 124.4 165.5 
486 .1 538.4 





The switch selector program did not allow enough time for playback. There 
were 93.4 seconds of data recorded and only 70.8 seconds allowed for play- 
back. However, a?1 the data lost due to retro firings were played back. 


19.5 RF SYSTEMS EVALUATION 


The launch vehicle RF systems provide telemetry, tracking, command system 
and television transmission and reception. Not all of the data required 
to perform a detailed RF analysis were available for this evaluation. 
Based on available data, the overall performance of launch vehicle RF 
systems was satisfactory and measured flight data, with few exceptions, 
agreed favorably with expected trends. Telemetry propagation was good, 
as was tracking performance. Preliminary data indicate that the Command 


and Communications System (CCS) performance was satisfactory. Insufficient 


data were received to evaluate the video RF propagation, however, video 
tape quality indicates that signal levels were adequate. cae 


Final loss of VHF telemetry signals was at approximately 29,230 seconds 

(8:07:10) at Guaymas (GYM), loss of CCS signals at approximately 44,357 

- seconds (12:19:17) at GYM and C-Band radar signals at approximately 21,325 
seconds (5:55:25) at Grand Turk Island (GTI). Other stations viewing the 

- vehicle during these time periods lost signal at earlier times. 
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19.5.1 Telemetry Systems RF Propagation Evaluation 


The RF propagation of all 19 VHF telemetry links was exceilent. The systems 
performance w‘th the few exceptions noted agreed with predicted data. 

Gross main engine effects, causing 18-20 db attenuation were observed 
between 110 and 150 seconds at Cape Telemetry 4 (TEL 4) and Central 
Instrumentation Facility (CIF). Main engine effects were not noted at 
Grand Bahama Island (GBI). 


The 2-second period of RF signal dropout which occurred shortly after 
Inboard Engine Cutoff (IECO) for the AS-501 and AS-502 flights did not 

recur on AS-503 probably due to the earlier IECO on AS-503, with the result 
that the fiow separation field did not reach the S-IC antennas as on previous 
flights. 


Staging effects at approximately 154 seconds were as expected with all 
telemetry links dropping to threshold, resulting in VHF telemetry data loss 
to all sites except for that which could be recovered by tape recorder 
playback. The S-IC stage blackout period was approximately 1.4 seconds 
duration, S-II approximately 2.8 seconds duration, S-IVB approximately 

1.0 second duration, and IU approximately 1.1 seconds duration. 


S-II stage ignition effects on the VHF telemetry system were observed at 

158 seconds. The S-IC VHF telemetry signal strength dropped to threshold 
resulting in 1.2 seconds of data loss. The upper stages experienced 20 

to 25 db drop during this period; however, signal levels remained 
sufficiently high to transmit usable data. The AF-1, AF-2, and AF-3 links 
continued to experience short periods of low RF signal level due to a 
partial antenna breakdown occasioned by the S-II engine flame effects until 
approximately 167 seconds at which time the antennas recovered. These short 
periods of low RF signal strength did not cause any loss of data since 
recovery occurred prior to S-IC tape recorder playback. — 


S-II telemetry signal strength level at TEL 4, CIF, and Bermuda (BDA) 
dropped to threshold at approximately 185 seconds during S-II second plane 
separation resulting in approximately 2 seconds of data dropout. The S-IVB 
stage and the IU experienced a 20 to 22 db drop in signal level at this 
time. These effects were not noted at GBI during this period. Antenna 
recovery of 15 db occurred at 187 seconds. | i 


The S-II stage telemetry experienced 3 additional dropout periods on the 
BP-] link which were not expected: at 78.5 seconds for approximately 2.3 
seconds duration, at 135 seconds for approximately 3.5 seconds duration, : 
and at 200 seconds for approximately 1.7 seconds duration. High resolution — P 
Signal strength data indicated that a number of momentary RF transients | 
were experienced during these time periods. These phenomena were noted 
on the BP-1 link only, and were observed on signal strength data from all 
sites. The BP-1 RF assembly is of an earlier configuration than that used 
for the other five links. The suspected cause of these transients is 
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intermittent operation of the BP-1 RF assembly. On AS-504 and subsequent 
vehicles the later configuration will be used on all links; and it is 
expected that this problem will not recur. 


The performance of the S-IVB and IU telemetry systems during orbit, 
Translunar Injection (TLI) burn, and final coast was satisfactory. The 
telemetry signal received at Hawaii (HAW) showed an unexpected drop in 
signal level from 10,370 to 10,380 seconds with a 3-second intermittent 
data dropout at approximately 10,375 seconds on all S-IVB telemetry links 
and link DF-2 on the IU telemetry. This intermittent dropout can be 
partially related to S-IVB and IU onboard antenna pattern nulls. 


VHF coverage was proviced during the final coast phase by BDA, GYM, and 
Corpus Christi (TEX). Final loss of signal (LOS) from these sites, for all 
telemetry links active during this period, as shown in Table 19-8, were 
derived from PLIM summaries. 


Tabie 19-8. Final RF LOS, VHF Telemetry 























RANGE TIME 
(SECONDS) 


STATION 





RANGE TIME 
(HRS :MIN: SEC) 








——a 


21,614 
GYM 29 230 
TEX : 26 490 


The times to which usable data were acquired for all VHF telemetry links 
active during the final coast phase are shown in Table 19-9. 


Table 19-9. Last Usable VHF Telemetry Data 





RANGE TIME 


TELEMETRY LINK STATION | RANGE TIME. 
| (HRS :MIN:SEC) 


(SECONDS ) 





eat —— 





CFI ‘GYM, TEX 15,660 
cp-1 Gym, TEX 15,660 
DF-1 GYM 13,640 
eee ae GYM eee. 
DF-3 GYM 12,600 


During the time period between last usable data and final LOS, data were so 
degraded that in effect only the RF carriers were tracked. - : 
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A summary of telemetry coverage showing acquisition of signal (AOS) and 
LOS is presented in Table 19-10. 


19.5.2 Tracking Systems RF Propagation Evaluation 


Sufficient data were not received to provide a complete assessment of the 
ODOP and C-Band tracking systems. Based upon the limited data available, 
however, RF performance of these systems appears to have been satisfactory. 


19.5.2.1 QDOP. The Offset Doppler (ODOP) transponder was carried on the 
S-IC stage of the vehicle; therefore, ODOP tracking was limited to the 
Flight of first stage only. Signal strength data for the ODOP ground 
stations were not available for analysis, so evaluation was limited to 
performance as indicated by the onboard data from the MARGO interrogatirig 
Station. 

S-IC main engine flame attenuation on the ODOP transponder uplink signal 
strength seen onboard occurred from 80 seconds to S-IC/S-II separation. 
Valid PCM data used for evaluating the ODOP immediately after IECO were 
available for the first time on this flight permitting evaluation during 
this time period. Signal strength to the ODOP transponder dropped 
approximately 40 db immediately after. IECO and remained low for 2.9 seconds. 
Static phase error was abnormal indicating that the transponder lost phase 
lock during this period; however, the ODOP phase lock measurement did not 
confirm this. Phase lock between the ground interrcgating station and 
transponder was lost at S-IC/S-II separation due to the staging blackout 
but was recovered shortly thereafter at approximately 159.8 seconds. 


19.5.2.2 C-Band Radar. Insufficient data were received to compile a 
comprehensive analysis of the C-Band radar system throughout the mission 
in time for this report. Available data, however, indicate that the C-Band 
radar functioned satisfactorily during flight although several ground 
Stations experienced tracking problems because of antenna nulls, main 
engine flame attenuation, and malfunctions of ground equipment. 

\ 


Two data dropouts were reported at 60 to 84 seconds and 135 to 153 seconds by 
Station operators at the Patrick Air Force Base (PAFB) and MILA radar 
Stations, respectively. The PAFB dropout (60 to 84 seconds) was caused 

by a balance point shift (sudden drop in signal or distorted beacon return) 
which produced antenna pointing errors. The MILA dropout (135 to 153) 
seconds) was caused by a series of balance point shifts and flame attenua- 
tion. Automatic track was reacquired by MILA skin tracking for 10 seconds 
before switching back to automatic beacon tracking at 163 seconds. At 300 
seconds MILA switched from beacon to skin track due to a weak beacon return 
Signal and remained on skin track through the remainder of the pass. Cape 
Kennedy Air Force Site (CKAFS) also switched to skin track at 252 seconds 
because of a weak beacon return signal and remained on skin track until the 
ground transmitter was turned off. The GBI radar station reported modula- 
tion of 30 to 50 percent on the beacon returns. The cause of the modulation 
has not been detérmined due to unavailability of signal strength data. 


és 
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The California (CAL) radar station tracked on a side lobe for the first 
27 seconds during the first revolution. The main lobe signal was then 
acquired and good signal was received for the remainder of the »ass. 


Recorded data from CAL during the first pass was from 5358 to 5577 seconds. 


Four data dropouts were recorded by CAL during the final coast phase 
occurring at 11,687 to 11,706 seconds (3:14:47 to 3:15:06), 13,110 to 
14,297 seconds (3: 38:30 to 3:58:17), 16,992 to 17,016 seconds (4:43:12 to 
4:43: 36), and 17,050 to 17,101 seconds (4: 44:10 to 4:45: O01). The cause 
of these dropouts , as veri fied by telecon with the ground station, was 
site oriented. Final loss of signal for the C-Band radar was reported 
from GTI as occurring at 21,325 seconds (5:55:25). 


A summary of C-Band tracking coverage showing AOS and LOS is presented 
in Table 19-11. 


19.5.2.3 CCS Tracking. There is no mandatory tracking requirement of 
the CCS; however, the CCS transponder has turnaround ranging capabilities 
and provides a backup to the Command and Service Module (CSM) transponder 


used for tracking in case of failure or desire for a cross check. Ranging 


data for AS-503 were provided by MILA, Vanguard (VAN), HAW, and GYM. All 
ranging data, with the minor exceptions discussed below, looked good and 
did not affect other CCS functions indicating satisfactory performance 
of the system. 


Both MILA and VAN lost lock during the RF blackout period experienced 
from 155 to 161 seconds due to S-IC/S-II staging. 


During the second revolution, range modulation was turned on and off 3 
times at VAN because of problems experienced due to lock on to a spurious 
Signal from the CCS transponder. 


During the S-IVB second burn period, HAW experienced no problems. During 
the translunar coast period there were several intervals of special test 
pattern commands at GYM when ranging data were not available. There were 
no problems experienced ufitil 21,293 to 21,361 seconds (5:54:53 to 5:56:01) 


during which period down link was lost. The system was on low gain antenna 


at that time and the lock angles on low gain were poor during this period. 
No further ranging data were obtained after this time. 


ASL 3 Command Systems RF Evaluation 


The AS-503 Command Systems consisted of the Secure Range Safety Command 
System (SRSCS) and the CCS. All indications were that these systems 
performed. Satistactori ly. | | | 


195-573 Secure Range Safety Command System. VHF telemetry measurements | 
received by the ground stations from the S-IC, S-II and S-IVB stages 
indicated that the SRSCS RF subsystems functioned properly. Canaveral 
CNV) and BDA were the pony. command : stations used for this flight. | 
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Table 19-11. C-Band Tracking System RF Summary 
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CNV used an omni antenna until approximately 116.3 seconds when a switch 
was made to a high power helical antenna. A signal loss for approximately 
0.5 second on the S-IC, S-II and S-IVB receivers occurred at this time 

due to the mechanical switching arrangements. This dropout is normal 
during this period. At approximately 136 seconds a data spike was observed 
on the S-IVB Range Safety System No. 2 low level signal strength. Review 
of data indicates a loss of data synchronization during this period. At 
S-IVB first burn engine start and cutoff, the Range Safety System No. 2 
low level signal strength exhibited level perturbations of approximately 
0.18 volt and 0.1 volt maximum, respectively. This is believed to be due 
to S-II retro motor firing at engine start and S-IVB ullage motor firing 
after cutoff. Handover from CNV to BDA occurred at 409 seconds. Evalua- 
tion of the SRSCS is discussed in paragraph 14.2. 


19.5.3.2 Command and Communications System. Preliminary assessment based 
on the limited data available for this report indicate that there were no 
onboard equipment malfunctions. 


Downlink dropouts occurred at MILA from 155 to 161 seconds, 163.5 to 176 
seconds, 186 to 191.5 seconds, and 300 to 332 seconds. The first dropout 
was due to S-IC/S-II staging, the second dropout was probably the result 
of faulty acquisition procedures, and the third dropout was caused by 
signal interference during the time the.S-II interstage was passing through 
the S-II stage flame after second plane separation. 7 


The last dropout occurred during handover from MILA to BDA. This dropout 
was longer than is normaliy experienced during handover periods; however, 
the cause of this dropout cannot be determined at this time since data 

received from MILA are incomplete and no data have been received from BDA. 


Acquisition problems apparently occurred at VAN during launch phase. An 
uplink dropout from 630.5 to 634 seconds indicates that handover to VAN 
occurred at this time. The exciter sweep voltage was ON at VAN from 

631 to 641 seconds, and downlink phase lock was established at 634.5 
seconds; however, the continued exciter sweep after acquisition caused 
large static phase errors and phase lock was lost at 643 seconds when 
range modulation was turned on. The exciter sweep voltage was ON again 
from 646 to 661.5 seconds, and down link phase lock reestablished at 647.5 
seconds. Another downlink phase lock dropout occurred at VAN from 680 to 
684.5 seconds, the reason for which is unknown at this time. 


During the second revolution VAN experienced additional problems due to 
lock on to a spurious signal from the CCS transponder. 


Sufficient data have not been received to make any additional assessment 
of the CCS performance during the launch and orbital flight phases. 


Performance during the TLI burn, and final coast phase was satisfactory. 


Signal transmission to GYM was lost at approximately 44,357 seconds 
(12:19:17) and to TEX approximately 600 seconds earlier, at which time 
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the CCS lost lock. These were the only stations tracking the CCS during 
this period. UHF telemetry link DP-1B, which is in parallel with links 

DP-1 and DP-1A, is transmitted through the CCS transponder anc provided 

good data until 39,990 seconds (11:06:30). The data indicated that the 

-IU batteries were decaying at this time. Projection of the decay rate 
indicated that the batteries would be depleted sufficiently at approximately 
44,000 seconds (12:13:20) to materially affect the performance of the CCS 
transponder. There were no data received for unified S-Band (USB) telemetry 
link DP-1A to enable evaluation of the USB. 


Approximately 20 minutes after TLI a programmed switch of antennas from OMNI 
to low gain was observed in the TEX and GYM data. This switch was recom- 
mended to maintain acceptable signal transmission during the final coast 
phase. Additional signal level changes were observed at these sites and 
fluctuations agree in time with antenna switching commands reported 

verbally as having been sent from GYM. These commands are listed in Table 
14-1, Section 14 which discusses performance of the CCS. Ground Station 
Command Histories have not yet been received to confirm these commands. 


A summary of CCS coverage showing AOS and LOS is presented in Table 19-12, 
19.5.4 Television Propagation Evaluation 


Ground signal strength data of the television station were not available in 
time for this report to permit evaluation of the television RF propagation. 
However, video tape data quality indicated satisfactory signal strength 
during S-IC powered flight. | 


19.6 OPTICAL INSTRUMENTATION 
19.6.1 Onboard cameras 


There was a total of four recoverable film camera capsules carried onboard 
the AS-503 vehicle, all on the S-IC stage. Two camera capsules were 
located on the S-IC forward interstage at positions I and III looking 
forward to view S-IC/S-II first plane separation and S-II engine start. 
The two remaining camera capsules were mounted on top of the S-IC stage 
LOX tank at positions II and IV, and contained pulse cameras which viewed 
aft into the LOX tank through fiber optics bundles. — , 


‘There were also two television cameras located in the S-IC base region to 
view propulsion and control system components. 7 
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- Only one camera capsule, the LOX camera located at position II, was 
recovered. It is not known whether the other three camera capsules were 
ejected. Radio acquisition of the recovered capsule was about 2 to 3 _ 
minutes before impact at about 15 to 20 miles from the recovery helicopter. | 
The capsule was retrieved at 30 degrees 13 minutes north latitude, 73 degrees 
58 minutes west longitude at approximately 8:15 AM EST. Inspection. of the 
recovered capsule showed that 3 of the cround planes sheared off and 5 of 
the shroud lines on the drag skirt were broken. : 3 | 
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Table 19-12. CCS RF Summary 


{LAUNCH | 1ST ORBIT 2ND ORBIT 
“STATION [STAGE a REMARKS: 


€2-61 


MIL S-IU 00:00:00 00:10:40.1 (C)(D. , 01:35:00 $01:42:35.1 (A}(O *DATA REQ'D 
GBM =sdL:s«S-IU 01:35:40 [01:42:29 (B)(D) 
BDA s-1u | 00:03:48 |00:13:12 (C){D) 01:38:12 01:46:12 (D) 
VAN S-IU 00:09:12 |00:15:45 (C)(O)7. 01:42:23 [01:49:46 (C)(D) 
cYI S-IU NO DATA 
CRO S-IU 00:51:49 | 00:58:24 (C)(D)] 02:15:09 foz:22:18 (c)(D) 
HSK S-IU 01:00:34 | 01:04:38 (C)(D) 
HAW | S-TU 02:50:23 02:57:40 (D) 07:18:43  $12:14:45 (C)(0) 
: (A) 
GYM S-IU 01:28:03 | 01:35:45 (C)(D) 02:57:45 $12:27:00 (C)(D) 
GDS S-IU 01:29:37) }ul:37:52 (C)(D) 
i, . (A) 
TEX S-IU 2:59:10 | 12:17:00 (C)(D) 
own | S-tu 11:30:00 [12:18:30 (D) 
‘ACN | S-IU 
ANG SIU 
STRIPCHART 
OP ge 4020 PLOT 
MAD fF S-lU OPERATORS LOG 


PLIM SUMMARY 
02:44:17 {02:51:36 (C)(D) ALL OF ABOVE 





| MER s-IU 





Dye marker operation was satisfactory on the recovered capsule. Significant 
quantities of water and dye marker leaked into the camera compartment 
through the electrical connector causing film damage; however, the film 
provided usable data. 


The TV cameras provided good quality data. 

19.6.2 Ground Engineering Cameras 

In general, ground camera coverage was good. Eighty one items were received 
from KSC and evaluated. Eight cameras had unusable data due to bad timing, 
five cameras did not provide film due to film jamming, one film had no image, 


and one film was extremely underexposed providing no usable data. As a 
result of the 15 failures listed above, system efficiency was 81.5 percent. 


19-24 


HM ye me pega tet 


SECTION 20 
VEHICLE AERODYNAMIC CHARACTERISTICS 


20.1 SUMMARY 


The AS-503 vehicle, as with prior Saturn flights, flew at very low angles- 
of-attack that -did not exceed 2.5 degrees during the period of interest. 
Because of this a reliable stability and fin load analysis could not be 
made. 


The AS-503 average base differential pressure fell within a predicted band 
based on AS-502 data even though AS-503 had a 2-degree outboard engine 

cant and only six valid base pressure measurements whereas AS-502 had eight. 
measurements. 


20.2 VEHICLE AXIAL FORCE CHARACTERISTICS 


The vehicte axial force characteristics are shown in Figures 20-7? and 20-2. 
Experience with AS-501, AS-502, and AS-503 flight data has shown that the 
base differential pressure is a function of altitude and is insensitive to 
slight Mach number variations. An average base differential pressure which 
can be used to calculate the base axial force is shown in Figure 20-1. 

This average was calculated using the six valid base pressure measurements 
on the AS-503 vehicle whereas eight pressure measurements were used on 
AS-502. The data for AS-502 and AS-503 show fair agreement. The AS-503 
S-IC engines were canted outboard 2 dearees from 20 seconds throughout 
first stage boost. The small differences that exist are probably a combina- 
tion of outboard engine cant on AS-503 and the numoer of base measurer ants 
on each flight. Therefore, the effects of engine cant on AS-503 are hot 
readily discernible. The predictions shown are based on AS-502 data. The 
AS-501 data is also shown, but it should be noted that this vehicle flew 
with S-IC base flow deflectors installed. A drop off of the data occurred 
after inboard engine cutoff on each flight. | 


The forebody axial force coefficient remains a function of Mach number as 
shown in Figure 20-2. The AS-501 coefficient is greater because of the 

base flow deflectors. These coefficients are predictions based on wind | 
tunnel data. : Hp te 7 


The total aerodynamic axial force is then the sum of the base axial force 
calculated from tie base differential pressure and the forebody axial — 


force, as calculated from the forebody coefficient. 
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Figure 20-1. 
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Figure 20-2. Forebody Axial Force Coefficient 


20.3 VEHICLE STATIC STABILITY 


A reliable evaluation of the static aerodynamic stability characteristics 
of the AS-503 flight was not possible due to the small vehicle angle-of- 
attack anu resulting small engine deflections. 


20.4 FIN PRESSURE LOADING 


External static pressures on the S-IC fins were recorded by 16 measurements. 
Each surface of fins B and D had four measurements located in the same 
relative position. 


Comparisons with predictions or with previous flight data would be 
misleading because the vehicles flew different angle-of-attack time 
histories and insufficient low angle-of-attack wind tunnel data are 
available for accurate predictions. The AS-503 flight angle-of-attack 
was well below the 10-degree design angle, hence the fin differential 
pressures were well below design values. Typical fin pressure dif- 
ferentials are shown in Figure 20-3. | 
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S-IC Fin Pressure Differential 


Figure 20-3. 


SECTION 21 
MASS CHARACTERISTICS 


21.1 SUMMARY 


Postflight analysis indicates that vehicle mass from SeIC stage ignition 
through spacecraft separation deviated less than 0.8 percent from pre- 
dicted with the exception of the mass at spacecraft separation. This 
value was 1.8 percent greater and was due to a higher than expected 
S-IVB LOX residual. Center of gravity and moment of inertia deviations 
throughout flight were negligible except at the beginning and end of 
flight. The larger deviations at these times were due primarily to 
inet ee propellant loading (less LOX, more fuel) and excess S-IVB 
residuals. 


21.2 MASS EVALUATION 


Postflight mass characteristics are compared with the final predicted 
mass characteristics (R-P&VE-VAW-69-2) which were used in the 
determination of the final operational trajectory (SSR-237/ Memorandum 
Number 5-9600-H-181). 


The postflight mass characteristics were determined from an analysis of 
all available actual and ‘reconstructed data from S-IC stage ignition 
through S-IVB stage/spacecraft separation. Dry weights of the launch 
vehicle were based on actual stage weighings and evaluation of the 
weight and balance log books “MSFC Form 998). Propellant loading and 
utilization was evaluated from propulsion system performance reconstruc-~ 
aise. Spacecraft data was obtained from the Manned Spacecraft Center 
MSC). 
Deviations in dry weights of the inert stages and the loaded spacecraft 
were all less than 1.4 percent which is well within the predicted 
3 sigma deviation limits. Major items that contributed to these small 
deviations were as follows: ; 


a. Actual weight of some vehicle components were slightly different 
from predicted weight. 


b. S-IC stage engine changeout at Kennedy Space Center (KSC). 
c. Removal of S-IC/S-II interstage ullage motor fairings. 
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d. erat ie the Azusa transponder and filter from the Instrument " 


e. Engineering Change Proposals (ECP) listed below were not 
incorporated. 


1. €CP 0219 - Proposed modification to protect engine interface 
connectors from excess moisture. 


2, ECP 0252 - Proposed modification to eliminate possible hydraulic . 
actuator support interference with engine fairings during flight. : 


3. ECP 0299 - Proposed modification for sealing of S-IC stage 
structure to prevent equipment damage from precipitation. 


4, CP 0442 - Proposed installation of LOX duct helium injection 
system for POGO suppression. 


During S-IC stage powered flight, mass of the total vehicle was determined 
to be 0.03 percent higher than predicted at ignition and 0.10 percent 
higher at S-IC/S-II separation. These very small deviations are _ 
attributed to a slightly higher than predicted total vehicle propellant 
loading. The vehicle pitch and yaw moment of inertias at liftoff were 
about 4.5 percent higher than expected due primarily to the S-IC fuel 

mass being greater and the LOX mass being less than predicted. S-IC 

burn phase tota? vehicle mass is shown in Table 21-1 and Table 21-2. 


During S-II burn deviations from predicted of vehicle mass, center of 
gravity, and moment of inertia were insignificant except near the end 

of flight. Vehicle mass and pitch and yaw moment of inertia were 

0.29 percent and 0.74 percent, respectively, below predicted at S-II/S+IVB 
separation. Total vehicle mass for the S-II burn phase is shown in i 
Table 21-3 and Table 21-4. : 


The largest deviations during the two S-IVB burns occurred at second 
burn engine cutoff and are attributed to excess S-IVB LOX residual. | 
The vehicle inass at second cutoff was 0.78 percent higher than — as i 
predicted, longitudinal Center of Gravity (CG) was 0.19 meter (7.61 in.) ! 
aft of predicted, and moment of inertia was 2.58 percent (pitch) and — \ 
2.62 percent (yaw) higher than predicted. Total vehicle mass at S-IVB/ / 
spacecraft separation was 2.08 ee greater than predicted. Tables 1 
21-5 through 21-8 show total vehicle mass from first S-IVB ignition 
through spacecraft separation. — - 


A summary of mass utilization and loss, actual and predicted, from S-IC 
stage ignition to spacecraft separation is presented in Table 21-9. A 
comparison of actual and predicted mass, center of gravity, and moment 
of inertia, is shown in Table 21-10. Figures 21-1 through 21-3 present 
the mass, center of gravity, and moment of inertia for each stage burn. 
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Table 21-1. Total Vehicle Mass, S-IC Burn Phase, Kilograms 
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Table 21-2. Total Vehicle Mass, S-IC Burn Phase, Pounds Mass 
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Table 21-3. Total Vehicle Mass, S-II Burn Phase, Kilograms 
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Table 21-4. Total Vehicle Mass, S-II Burn Phase, Pounds Mass 
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Table 21-5. Total Vehicle Mass, S-IVB First Burn Phase, Kilograms 
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Table 21-6. Total Vehicle Mass, S~IVB First Burn Phase, Pounds Mass 
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Table 21-7. Total Vehicle Mass, S-IVB Second Burn Phase, Kilograms 
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Table 21-8. Total Vehicle Mass, S-IVB Second Burn Phase, Pounds Mass 
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Table 21-9. Flight Sequence Mass Summary 
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Table 21-9. Flight Sequence Mass Summary (Continued) 
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Table 21-10. Mass Characteristics Comparison 
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Table 21-10. Mass Characteristics Comparison (Continued) 
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Table 21-10. Mass Characteristics Comparison (Continued) 





TA CeCe OF IMERTI A OF INERTIA OF. INERTIA 

eVENT ee we ew ewe on ee eee eer eres ee oe he ee a en ene 
et. nyo METERS METE2S KG=2"2 O/C _kGev2 0/8 kK Ga42 0/0 

OAUMDS NEVO INCHES DELTA ICHES DELTA X10-€ SEV. XiG=€ DEV. XiCeS” DEVe 





181855. 76.839 OeG407 
fs] 





AT i st STAPST SEn@ wee Onn eeneawe eee ‘ath Ti OBO GD ER eee i 2 = eh ae a eP memn~wmerm ££. 3 }£;£“se2=2="_ 
PENCE CAMaaun as =-9 5 9.0404 6.9302 
ACTUAL &7S26 -%,11 3024.65 =0.59 125922 -0,016e8 Oe 204 wo eGe 236 pee =~0.41 13.02% -7.25 





Eel 126031 C204 13.078 130574 
ArT 1 ST bf GN T T? oO" awe eneseeann ams = nm a ao : em = oe ee 


20404 =" 3039 














BA2ks 736 





ACTUAL 35582390 wZell C2405 =9059 L BOZ2 —Ge0108 Oe203 —2042 130022 HCodt 130022 —0039 





12.072 130074 





AT Ist gn cyse 2 ee a ee Ey SP ee es ee wemepepempem TE EE DP Se erwee 3 3}3}8£se@ene awe a mie ao as 
Fe 1s See ae eae oe OP KS: mes 7E,f =0.0 000404 =~9.29002 


ACTUSL 3552600 De 10 372405 =0059 165922 -9e0108 046203 D042 130023 “O041 134022 -0239 





AT 1ST CUTAFE ayy aE IESE momwempemenm am wee ll POO SOOO! -—_- aan 
“ab —____________42acas zreils =0.052 eee re 








AT NST ey THOUST eae wemwewrmwmwwemmem@m@  00000°£°,.,. Se = memwemwn 8 8 838} «merece 
TA2 A 2021.6 77077Y 200952 oot =O 20008 


397 etd a at 9 2 7 TTR 220302 C202 126254 426251 





SE SOE EE EK AR : es a ee ais eee eee . 
: : ris . : . : Vom a ot Met Loe atthe tats ad sae pes gte ee: WET res 7 1. Laat Ge Neto to thee eT ay s Tw 


9L-Le 


Table 21-10. Mass Characteristics Comparison (Continued) 
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SECTION 22 
MISSION OBJECTIVES ACCOMPLISHMENT 


Table 22-1 presents the MSFC AS-503 detailed test objectives as defined 
in the Saturn V Mission Implementation Plan, Mission C Prime. An 
assessment of the degree of accomplishment of each objective is shown. 
Discussion supporting the assessment can be found in the indicated 
sections of the Saturn V Launch Vehicle Flight Evaluation Report - 
AS-£93, Apollo 8 Mission. 


The nine principal and one secondary detailed test objectives were 
completely accomplished. 
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Table 22-1. Mission Objectives Accomplishment Summary 


NO. DETAILED TEST OBJECTIVES DEGREE OF DISCREPANCIES SECTION IN 
PRINCIPAL (P) SECONDARY (S) ACCOMPLISHMENT HICH DISCUSSED 





1. Verify that modifications incorporated in Complete Nane 9.2.3.1, 5.9 
the S-IC stage suppress low frequency longi- 
tudinal oscillations. (P) 


2. Confirm launch vehicle longitudinal | Complete None 9.2.3.1 
oscillation environment during S-IC stage 
burn period. (P) 


3. Verify J-2 engine modifications. (P) Complete None A iy ae ee 
7.3 

4, Confirm J-2 engine environment in S-II Complete None G3.25.-953.9 
and S-IVB stages. (P) 

oe Demonstrate the S-IVB stage restart Complete None 745 
capability. (P) 

6. Demonstrate helium heater (02H2 burner) Complete None re 
repressurization system operation, (P) 

ip Demonstrate capability to safe S-IVB Complete None 7.13 
stage. (P) 

8. Verify capability to inject S-IVB/IU/LTA-B Complete None alone 
into a lunar "slingshot" trajectory. (P) 

9, Verify launch vehicle capability for free Complete None 4.3.3 
return, Translunar Injection (TLI). (P) 

10. Verify the onboard Command and Ccomnunica- Complete None 14.3, 19.5.3.2 


tions System (CCS)/ground system interface 
and operation in the deep space environ- 
ment. (S) 
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SECTION 23 
FAILURES, ANOMALIES AND DEVIATIONS 


23.1 SUMMARY 


Evaluation of the launch vehicle performance during the AS-503 flight 

test revealed two areas of concern with a mission criticality category of 
er Modifications are planned to improve these problem areas on future 
flights. 


23.2 SYSTEM FAILURES AND ANOMALIES 


Since all studies and corrective actions (ECPs) pertinent to these anoma- 
lies are not complete, Table 23-1] represents the action status of each 
item as of the release date of this report. This table complies with 
Apollo Program Directive No. 19. Reference paragraph numbers are given 
for sections in which the specific problem area is discussed in more 
detail. Table 23-2 defines the criticality categories assigned to the 
failures and anomalies listed in Table 23-1. 


23.3 SYSTEM DEVIATIONS 


Five system deviations occurred without any significant effects on the 
flight or operation of that particular system. Table 23-3 presents these 
deviations with the recommended corrective actions and a reference to the 
paragraphs containing rurther discussion of the deviation. These devia-~ 
tions are of no major concern, but are presented in order to complete the 
summary of deviations experienced on AS-503. 


BRR OT 
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Table 23-1. Summary of Failures and Anomalies 


FAILURE/ANOMALY IDENTIFICATION 


AS-503 
VEHCLE DESCRIPTION EFFECT MISSION ACTION 
ITEM | + SYSTEM (CAUSE) ON -CRITI- NEXT DESCRIPTION STATUS 





MISSION CALITY MISSION 






























1 4S-II Engine No. 5 parameters|None 3 AS-503 oscil] Starting |As a result of evalu- |ECP 6237 


Propulsion/| oscillating at 17 to lation anom- at ation and testing to |Approved 
Structural | 18 hertz and structure - aly will not] T+443.45 |[date, ECP 6237 has 

oscillations at 9 to compromise been approved for 

11 hertz. (Lateral and AS-504 Maximum |AS-504 and subs to 

longitudinal accelera- | ission or at increase LOX tank 


performance. | T+483 ullage press. during 


ation buildup starting iat ti f S-Il 
ater portion of S- 


after PU step and 


damping out before Damped burn; thereby allevi- 
engine cutoff.) at ating the condition 
T+521 which contributed to 


the oscillation. This 
pressure increase will 
raise LOX NPSH which 
will reduce cavitation 
tendencies of the LOX 


pump . 


To provide better data 
the following action 
was taken; 


Establish higher 
sample rates. 


ECP 6208 
Approved 


ECP 6230 
Approved 


Provide lower freq. 
range data. 


Although essential 
progress has been made 
in isolating and 


| Oven 
= Oscillations found to be an engine generated phenomenon amplified by structural 
interaction during flight. 
Mechanics of this interaction and amplification are not understood at present. 
Testing presently underway at MSFC and Rocketdyne. 
Analysis of testing will continue past AS-504 launch. 
Apollo Program Director will be informed of significant findings throughout the 


investigation. 


permit termination of 
further consideration 
at this time. 
* 
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RECOMMENDED CORRECTIVE ACTION 





VEHICLE PARAGRAPH 

EFFEC- REFERENCE 

TIVITY 

AS-504 and Section 

subs 6, 6A, 
8.3 

AS-504 and 

AS-505 

AS-504 and 

AS-505 


Table 23-2. Hardware Criticality Categories 
For Flight Hardware 


CATEGORY | DESCRIPTION 








1 Hardware, failure of which results in loss of life of 
any crew member. This includes normally passive 
systems such as the Emergency Detection System (EDS), 
Launch Escape System (LES), etc. 

2 Hardware, failure of which results in abort of missio 
but does not cause loss of life. 

3 Hardware, failure of which will not result in abort 


of mission nor cause loss of life. 
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Table 23-3. Summary of Deviations 


CORRECTIVE ACTION | PARAGRAPH 
PROBABLE CAUSE BEING CONSIDERED | REFERENCE 






DEVIATIONS 


VEHTCLE 
SYSTEM 





































































































S-IC Engine No. 5 LX suction Leak below prevalve of None 5.6.2 
Propel- | duct pressure Jecayed ~ 6 cu. in./s. Cause or anticipated 
lant after Inboara Engine location of leak still 
System | Cutoff (IECO). under investigation. 
S-IC Engine No. 3 pitch Still under None 8.2 
Hydraul-] actuator hydraulic investigation anticipated. 
ics fluid return tempera- 

ture was higher than 

expected after 117 sec- 

onds but within maxi- 

mum specification 

limit. 
S-IC Loss of photogravhic None. This 19.6 
Visual ata: om ao 
Ins tru- : is deleted on 

a. Failure to recover Unknown 
altel 3 of 4 onboard film future vehicles. 

cameras. (Recovery 

failure unknown). 

b. The camera re- Loose jam nut on 

covered had film camera power umbili- 

damage from sea water cal connector. 

and dye marking. 

(Film damage - loose 

jam nut on camera ‘ 

power umbilical ) 

connector). 

c. -Both LOX tank Unknown 

cameras and one strobe 

light stopped at 

T+79 seconds. 

( 
S-IC Some localized partial Still under None - Loss 0. 9.3.1.3 
Heat loss of M-31 at T+70 investigation M-31 was appar- 7.2 
Shield to T+90 seconds. ently less than 
on AS-502. 

S-II Engine No. 5 c/o trans- Under investigation None 6.4 
Propul- | ient appears abnormal. anticipated 
sion Thrust chamber pressure 

and GG pressure decay 

durations are longer than 

normal to 5 percent 

thrust. 
S-I1 Bridge Power Supplies Improper connector None on AS-504. 13.3 
Data M046 (P/N v227A3) and pin engagement AS-505 and 
System MO59 (P/N V227A5) were during periods of Subsequent 

intermittent during Flights: 


high vibration. 






| Max Q and M053 

(P/N V212A11) was 
intermittent after PU 
step. 


Inspection of 
power supply 
connectors. 
Conduct of veri-| . 
fication tests. 
Shimming of con- 
nectors as i 
required. 
ECP 6021 
(Closed) 
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SECTION 24 
SPACECRAFT SUMMARY 


Follrwing a nominal boost phase, the spacecraft and S-IVB combination 
was inserted into a parking orbit of 185 kilometers (100 nmi). After 
a post insertion checkout of spacecraft systems, the nominal translunar 
injection maneuver was initiated at 2:50:38 by reignition of the S-IVB 
engine and jasted for 5 minutes 18 seconds. 


The spacecraft separated from the S-IVB at 3:20:59, followed by two 

_ Separation maneuvers using the service module reaction control system. 
The first midcourse correction, made with a velocity change of 7.56 m/s 
(24.8 ft/s), was conducted at 11:00:00. The transluna: coast phase was 
devoted to navigation sightings, two television transmissions, and var- 
ious systems checks. The second midcourse correction of 0.43 m/s 

(1.4 ft/s) was conducted at 60:59:55. 


The 246.9-second lunar orbit insertion maneuver was performed at 
69:08:20, and the initial lunar orbit was 312.1 by 111.1 kilometers 
(168.5 by 60.0 n mi). A maneuver to circularize the orbit was conducted 
at 73:35:07 and resulted in a lunar orbit of 110.6 by 112.4 kilometers 
(59.7 by 60.7 i mi). The coast phase between maneuvers was devoted to 
orbit navigation and ground track determination. A total of ten revo- 
lutions were completed during the 20 hours 11 minutes spent in lunar é 
orbit. | 


The lunar orbit coast phase involved numerous landing site/landmark 
Sightings, lunar photography, and preparation for transearth injection. 
The transearth injection maneuver, 204 seconds in duration, was conducted 
at 89:19:17 using the Service Propulsion System (SPS). 


When possible during both the translunar and transearth coast phases, 
passive thermal control maneuvers of about one revolution per hour were 
effected to maintain temperatures within nominal limits. The transearth 
coast period involved a number of star/horizon navigation sightings using 
both the earth and moon horizons. The only transearth midcourse correc- 
tion was a 1.5 m/s (4.8 ft/s) maneuver made at 103:59:54, 


Command module/service module separation was at 146:28:48, and the 


command module reached the entry interface of 122 kilometers (400,000 ft) 
altitude at 146:46:14. Following normal deployment of all parachutes 
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the spacecraft landed in the Pacific Ocean at 8 degrees 8 minutes north 
latitude and 165 degrees 2 minutes west longitude, as determined by the 
primary recovery ship USS Yorktown. The total flight duration was 147 

hours 42 seconds. 


Almost without exception, spacecraft systems operated as intended. All 
temperatures varied in a predictable manner within acceptable limits, and 
consumables usage was always maintained at safe levels. Communications 
quality was exceptionally good, and live television was transmitted on 
six occasions. The crew satisfactorily performed all flight plan 
functions and achieved all photographic objectives. 
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APPENDIX A - 
ATMOSPHERE 


A.1 SUMMARY 


This appendix presents a summary of the atmospheric environment at launch 
time of the AS-503. The format of these data is similar to that presented 
in previous launches of Saturn vehicles to permit comparisons. Surface 
and upper.winds and thermodynamic data near the launch time are given. 


A.2 GENERAL ATMOSPHERIC CONDITIONS AT LAUNCH TIME 


A cold front passed through the launch area the afternoon before launch 
and became a stationary front about launch time, laying through the Miami 
area. Surface winds were from the north. 


A.3 SURFACE OBSERVATIONS AT LAUNCH TIME 


At launch time, the only cloudiness was 4/10 cirrus of unknown height. 
Table A-1 summarizes the surface observations at launch time. The solar 
radiation data is given in Table A-2. 


A.4 UPPER AIR MEASUREMENTS 


Data was used from four of the upper air wind systems to compile the 
final meteorological tape. Table A-3 summarizes the data systems used. 


A.4.1 Wind Speed 


Wind speed increased with altitude, reaching a speed of 34.8 m/s (67.6 knots) 
at 15.2 kilometers (49,900 ft). There was a second peak in the wind speed 
curve of 46.0 m/s (89.4 knots) at 33.0 kilometers (108,300 ft). See Fig- 
ure A-1 for more information of the wind speeds. 


A.4.2 Wind Direction 
The surface wind was from the north, but changed to westerly about 1.5 kilo- 


meters (4,900 ft). Above 1.5 kilometers (4,900 ft) winds remained generally 
from the west as shown in Figure A-2. 
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A.4.3 Pitch Wind Component 


The pitch wind speed component was very close to the bias wind used for 
the vehicle (50-percentile wind). The maximum pitch wind speed compon- 
ent was a tail wind component of 31.2 m/s (60.6 knots) at 15.1 kilometers 
(49,500 ft). See Figure A-3. 


A.4.4 Yaw Wind Component 

The yaw wind speed component increased with altitude to a maximum value 
from the left of 22.6 m/s (43.9 knots) at 15.8 kilometers (51,800 ft). 
See Figure A-4. 


A.4.5 Component Wind Shears 


Component wind shears (ah = 1000 m) were of low magnitude at all altitudes. 


The jargest wind shear was a yaw shear of 0.0157 s-1 at 15.8 kilometers 
(51,800 ft). See Figure A-5. 


A.4.6 Extreme Wind Data in the High Dynamic Pressure Region 


A summary of the maximum wind speeds, wind components, and shears are 
given in Tables A-4, A-5, and A=6; A-7, A-8, and A-9. 


A.5 THERMODYNAMIC DATA 


Comparisons of the thermodynamic data taken at AS-503 launch time with the 
Patrick Reference Atmosphere (PRA) (1963) for temperature, density, pres- 
sure, and Optical Index of Refraction (OIR) are shown in Figures A-6 and 
A-7, and discussed in the following paragraphs. 


A.5.1 Temperature 


Above 11 kilometers (36,100 ft), temperatures were lower than the PRA 
temperatures reaching a maximum deviation of -5.3 percent (-11.0°K) at 
18.5 kilometers (60,700 ft). This was an actual air temperature of 
-77.6°C at this altitude. 


A.5.2 Atmospheric Pressure 


There were little deviations (less than 1 percent) of the atmospheric 

pressure from the PRA pressures below 15 kilometers (49,200 ft). Above 

15 kilometers (49,200 ft), atmospheric pressures were less than the PRA 

ie 40D re a maximum deviation of -6.8 percent at 34.25 kilometers 
2,400 ft). | 


A.5.3 Atmospheric Density 


Atmospheric density deviations were small, being less than 5 percent 
deviations from the PRA. 


A.5.4 Optical Index of Refraction 

At the surface, the OIR was 5.02 (n-1) x 1076 units higher than the corre- 
sponding value of the eee The deviation decreased with altitude becoming 
less than 1 (n-1) x 10-6 at 4 kilometers (13, 100 ft). 

A.6 COMPARISON OF SELECTED ATMOSPHERIC DATA FOR ALL SATURN LAUNCHES 


Tables A-10, A-11, and A-12 show a summary of the atmospheric data for 
each Saturn launch. 


Table A-1. Surface Observations at AS-503 Launch Time 


LOCATION all, ype PERATURE rot BILITY re) TYPE HEIGHT ——— DIR 
cain) nee Cr) Cr) (STAT MI) OF BASE mull (DEG) 
1.0 


Kennedy Space Cen- 
ter, Station B, 
Florida 




















Cirrus 





Cape Kennedy Raw- 
insonde Measure- 
ments 


Pad 39A Lightpole 
NW (20.4 m)* 


Pad 39A Service 
Structure fop 
(112.5 m)* 


* Above Natural Grade 


Table A-2. Solar Radiation at AS-503 Launch Time Launch Pad 39A 


NORMAL 
sea hier ; 
g-cal/emé |g-cal/cm 

) MIN) 











TOTAL 
HORIZONTAL 
g-cal/cm2 


HOUR ENDING 
ES! 













DATE 







12/20/68 


12/21/68 
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i> 
(o>) 


Table A-3. 





TYPE OF DATA 





ALTITUDE 











TFPS-16 Jimsphere | 












(54,100) 
Rawinsonde 16,750 34 ,000 
(54,900) (111,500) 










Arcasonde 51,250 


(168,100) 


89,750 
(294,400) 


34,250 
(112,400) 


51,500 
(169,000) 





Viper Dart 






A-4 






































































































































Table A-4. Maximum Wind Speed in High Dynamic Pressure Region 
for Saturn 1 through Saturn 10 Vehicles 
MAXIMUM WIND MAXIMUM WIND COMPONENTS 
VEHICLE 
NUMBER DIR ALT | PITCH (Wy) ALT YAW (Wz). AIT 
(DEG) km m/s km th/s km 
| (ft). (KNOTS) (ft) | (KNOTS) . (ft) 
SA-1 47.0 12.25 13.00 -29.2 12.25 
(91.4) (40,200) (42,600) | (-55.8) | (40,200) 
SA-2 33.6 13.50 13.50 -13.3 12.25 
(65.3) (44,300) (44,300) | (-25.9) | (40,200) 
SA-3 31.3 13.75 13.75 11.2. 12.00 
(60.8) (45,100) (45,100) (21.8) | (39,400) 
SA-4 51.8 13.00 13.00 -23.4 13.00 
(100.7) (42 ,600) (42,600) | (-45.5) | (42,600) 
SA-5 42.1 10.75 10.75 -11.5 11.25 
(81.8) (35,300) (35,300)} (-22.4) | (36,900) 
SA-6 15.0 12.50 12.50 | 12. 17.00 
(29.2) (41,000) | (41,000) (23.7) | (55,800) 
SA-7 17.3 11.75 12.75 14.8 12.00 
(33.6) (38,500) (41,800) | (28.8) (39,400) 
SA-9 34.3 13.00 10.75 23. 13.25 
(66.7) (42,600) (35,300) (45.9) | (43,500) 
SA-8 16.0 | 15.25 11.00 14. 15.25 
(31.1) (50,000) (36,100) (28.4) | (50,000) 
SA-10 15.0 | 14.75 74.75 10.8 15.45 
(29.2) (48,400) (48,400) (21.0) | (50,700) 








Table A-5. Maximum Wind Speed in High Dynamic Pressure Region for 
Apollo/Saturn 201 through Apollo/Saturn 205 Vehicles 


MAXIMUM WIND 


SPEED ALT 
















MAXIMUM WIND COMPONENTS 


VEHICLE 
NUMBER 











PITCH (Wy) 
m/s 
(KNOTS) 







YAW (Wz) 
h/s 


m/s — 
(KNOTS; (KNOTS ) 





(45,100) 
















. 42.560 
(41,000) 


10.7 12.50 
| (41,000) 


32.7. | 15.25 
(50 ,000) 


12.08 
(36,800) 


13.00 
(42,600) 
12.00 
(39,400) 


12.00 
(39,400) 


14.60 
(44,500) 

























Table A-6. Maximum Wind Speed in High Dynamic Pressure Region for 
Apollo/Saturn 501 through Apotlo/Saturn 503 Vehicles 


MAXIMUM WIND 


| VEHICLE 


m/s m/s 
(KNOTS) | (KNOTS) (KNOTS) 


11.50 
0) 


17.50 3 9.00 
| (37,700) (37,70 (29,500) 
a 12.00 27.1 12.00 1 15.75 
(42,600) , (42,600) (51,700) 
15.22 31.2 15.10 15.80 
(49,900) | (49,500) (51,800) 





ee ee ee ee ae nS EE ee PRS eT 


Table A-7. Extreme Wind Shear Values in the High Dynamic Pressure 


Region for Saturn 1 through Saturn 10 Vehicles 


(Ah = 1000 m) 







PITCH PLANE 







VEHICLE 
NUMBER 


(48,400) 
15.00 
(49,200) 
13.75 
(45,100) 
13.00 
(42,600) 
17.00 
(55,800) 


12.25 
(40,200) 


14.25 
(46,800) 


10.50 
(34,500) 


10.00 
(32,800) 


14.75 
(48,400) 
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YAW PLANE 





16.00 
(52,500) 


16.00 
(52,500) 


13.25 
(43,500) 
11.00 


(36,100) 
10.00: 


(32,800) 


12.50 
(41,000) 


11.25 
(36 ,900) 


10.75 
(35,300) 


17.00 


* (55,800) 


15.00 
(49,200) 
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Table A-8. Extreme iiind Shear Values in the High Dynamic Pressure ; 
Region for Apollo/Saturn 201 through Apollo/Saturn 205 Vehicles 


PITCH PLANE YAW PLANE ? 
VEHICLE | 


NUMBER ALTITUDE ALTITUDE 


(52,500) | (39,400) 


14.75 14.25 
(48,400) (46 ,800) 


13.50 | 13.25 
(44,300) (43,500) 


16.75 14.00 
(55,000) (45,900) 


15.78 15.25 
(48,100) (46 500) 


Table A-9. Extreme Wind Shear Values in the High Dynamic Pressure Region 
for Apollo/Saturn 501 through Apollo/Saturn 503 Vehicles 


(Ah = 1000 m) 






PITCH PLANE YAW PLANE 










VEHICLE 


NUMBER ALTITUDE 





SHEAR 

(SEC-1) 

- 0.0066 
(32,800) (32,800) 
AS-502 0.0125 14.90 13.28 
(48,900) (43,500) 
AS-503 0.0103 16.00 15.78 
(52,500) (51,800) 
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Table A-10. Selected Atmospheric Observations for Saturn | Through Saturn 10 Vehicle 
Launches at Kennedy Space Center, Florida 


VEHICLE DATA SURFACE DATA 


DATE TIME (EST) LAUNCH 


INFLIGHT CONDITIONS 

























VEHICLE PRESSURE TEMPERA- RELATIVE WIND* MAXIMUM WIND IN 8-16 km LAYER 
NUMBER. NEAREST COMPLEX N/omé TURE °C HUMIDITY SPEED DIRECTION CLOUDS ALTITUDE SPEED DIRECTION 
MINUTE PERCENT m/s deg m m/s deg 
































SA-1 27 Oct 61 1006 34 8/10 cumulus 

SA-2 25 Apr 62 0900 34 1/10 cumulus, 3/10 
cirrostratus 

SA-3 16 Nov 62 1245 34 2/10 cumulus, 4/10 
cirrus 

SA-4 28 Mar 63 1512 — 34 1/10 stratocumulus, 
1/10 cirrus 

SA-5 29 Jan 64 1725 378 4/10 stratocumulus, 
2/10 cirrus 

SA-6 28 May 64 1207 378 1/10 cumuluz, 1/10 
cirrus 

SA-7 18 Sep 64 1123 37B 1/10 cumulus, 5/10 

altocumulus, 1/10 

cirrus 

SA-3 16 Feb 65 0937 378 1/10 stratocumul us 

SA-8 25 May 65 06235 378 1/10 cumulus 

SA-10 30 Jul 65 0800 37B 1/19 cumulonimbus, 


2/10 altostratus, 
5/10 cirrus 


* Instantaneous readings from charts at T-O0 from anemometers on poles at 19.5 m (59.4 ft) on launch complex 34, 20.7 m (63.1 ft) on launch complex 378. 
Heights of anemometers are above natural grade. 
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Table A-11. Selected Atmospheric Observations for Apollo-Saturn 201 Through . 
Apollo-Saturn 205 Launches at Kennedy Space Center, Flori da, 


SURFACE DATA INFLIGHT .CONDITIONS 


VEHICLE | TIME (EST) LAUNCH PRESSURE TEMPERA- RELATIVE - WIND* CLOUDS MAXIMUM WIND IN 8-16 km LAYER 
NUMBER NEAREST COMPLEX | N/cm2 TURE °C HUMIDITY SPEED DIRECTION ALTITUDE SPEED DIRECTION 
MINUTE — PERCENT m/s deg m m/s deg 






AS-201 26 Feb 66 “ Clear 


AS-203 5 Jul 66 : 8/10 cumulus, 1/10 
cirrus 


AS-202 25 Aug 66 : . 1/10 cumulus, 1/10 
altocumulus, 1/10 
cirrus 


23 Jan 68 3 3/10 cumulus 
11 Oct 68 3/10 cumulonimbus 


* Instantaneous readings from charts at T-0 from anemometers on poles at 19.5 m (59.4 ft) on launch complex 34, 20.7 m (63.1 ft) on launch complex 378. 
Heights of anemometers are above natural grade. 
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Table A-12. Selected Atmospheric Observations for Apollo-Saturn 501 Through 
Apollo-Saturn 503 Launches at Kennedy Space Center, Florida 


| —sventcle ATA SURFACE DATA | INFLIGHT CONDITIONS 


VEHICLE DATE TIME (EST) LAUNCH | PRESSURE TEMPERA- RELATIVE WIND*. CLOUDS MAXIMUM WIND IN 8-16 km LAYER 
NUMBER WEAREST COMPLEX N/om2 TURE °C ~—- HUMIDITY SPEED DIRECTION ALTITUDE SPEED DIRECTION 
MINUTE PERCENT m/s deg m m/s deg 


9 Now 67 C700 10.261 17.6 . 1/10 cumulus 11.50 


4 Apr 68 06co 10.200 20.9 - 5/10 strato- ~ 13.00 
cumulus 


21 Dec 68 0751 10.207 15.0 . 4/10 cirrus 15.22 


* Instantaneous readings from charts at T-0 from anemometers on poles on launch pad at 18.3 m (60.0 ft) on launch complex 39A. Heights of 
anemometers are above natura] grade. ; 
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APPENDIX B 
AS-503 VEHICLE DESCRIPTION 


B.1 SUMMARY 


AS-503, third flight of the Saturn V series, was the first to test a manned 
Saturn V Apollo space vehicle. The vehicle consists of. five major units. 
From bottom to top they are: S-IC stage, S-II stage, S-IVB stage, 
Instrument Unit (IU), and the Spacecraft. The Saturn V Apollo vehicle 

is approximately 110.6 meters (363 ft) in length. See Figure B-1 for 

a pictorial description of the vehicle. 


B.2 S-IC STAGE 
B.2.1 S-IC Configuration 


The S-IC stage, as shown in Figure B-2, is a cylindrical structure 
designed to provide the initial boost for the Saturn V Apollo vehicle. 
This booster is 42.17 meters (138 ft) long and has a diameter of 10.1 
meters (33 ft). The basic structures of the S-IC are the thrust 
structure, fuel (RP-1) tank, intertank section, LOX tank, and the forward 
skirt. Attached to the thrust structure are the five F=l engines which 
produce a combined nominal sea level thrust of 33,850,000 Newtons 
(7,610,000 ibf). Four of these engines are spaced equidistantly about 

a 9.243 meters (30.33 ft) diameter circle. The four outboard engines 

are attached so they have a gimbaling capability. Each outboard engine 
can move in a 5 degree, 9 minute square pattern to provide pitch, yaw, 
and roll control. The fifth engine is fixed mounted at the stage center- 
line. In addition to supporting the engines, the thrust structure also 
provides support for the base heat shield, engine accessories, engine 
fairings and fins, propellant lines, retro motors, and environmental 
control ducts. The intertank structure provides structural continuity 
between the LOX and fuel tanks, which provide propellant storage; and 

the forward skirt provides structural continuity with the S-II stage. 


Propellants are supplied to the engine turbopumps by 15 suction ducts: 

5 from the LOX tank, and 10 from the fuel tank. The fuel tank is a 
semimonocoque cylindrical structure closed at each end by an ellipscidal 
bulkhead. Antislosh ring baffles are located on the inside wall of the 
tank, and an antivortex cruciform baffle is located in the lower bulkhead 
area. The configuration of the LOX tank is basically the same with fhe 
exception of capacity. The LOX tank will provide storage for 1342 m 
(47,405 ft3) including ullage. The fuel tank will hold approximately 

827 m3 (29,221 ft3) including ullage. The mixture ratio between LOX and 
RP-1 is approximately 2.27:1 (LOX to RP-1). 
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Figure B-2. S-IC Stage Configuration 


B-3 


Fe Pa Le ee 


The LOX and fuel pressurization systems provide and maintain the Net 
Positive Suction Pressure (NPSP) required for the LOX and fuel turbopumps 
during engine start and flight. These systems also provide protection 

from high pressures which might occur in the LOX and fuel tanks. Before 
engine ignition, the LOX and fuel tanks are pressurized from a ground 

helium supply. During flight, LOX pressurization is accomplished by 

gaseous oxygen obtained by using F-1 engine heat exchangers to convert oxy- 
gen from liquid to gas. The fuel tank is pressurized by gaseous helium sup- 
plied by helium bottles located in the LOX tank. The LOX and fuel feed sys- 
tems contain LOX and fuel depletion sensors for purposes of outboard engine 
cutoff during flight. The inboard engine was cutoff by an iU signal on AS-503. 


Eight solid propellant retro motors provide separation thrust after S-IC 
burnout. They are located inside the four outboard’ engine fairings and are 
attached externally to the thrust structure. The S-IC and S-II stages are 
severed by linear shaped charges, and the retro motors supply the 

necessary acceleration force to provide separation. Each retro motor 

is pimmed securely to the vehicle support and pivot support fittings at 

an angle of 7.5 degrees from stage centerline. 


Additional systems on the S-IC include: 


a. The Environmental Control System (ECS) which protects the S-IC stage 
from temperature extremes, excessive humidity, and hazardous gas 
concentrations. | 


b. The hydraulic system which distributes power to operate the engine 
valves and thrust vector control system. 


c. The pneumatic control pressure system which provides a pressurized 
nitrogen supply for command operations of various pneumatic valves, 
and a purge for TV camera lenses. 


d. The electrical system which distributes and controls the stage 
electrical power. 


e. The instrumentation system which monitors functional operation of 
the stage systems and provides signals for vehicle tracking during 
S-IC burn. 


f. The film camera system. 


g. The POGO suppression system. This system provides gaseous helium 

"to a cavity in each of the LOX prevalves of the four outboard 
engine suction lines. These gas filled cavities act as a "spring" 
and serve to lower the natural frequency of the feed system and 
thereby prevent coupling between engine tnrust oscillations and 
the first longitudinal mode of the vehicle structure. 
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The more significant configuration changes between AS~-502 S-IC and 
AS-503 S-IC are shown in Table B-1. 


Table B-1. 


S-IC Significant Configuration Changes 









Propulsion 


Electrica] 


Forward Skirt 


Instrumentation | 


- Addition of POGO suppression 


system. 


Inboard engine cutoff commanded 
by IU at 125 seconds. AS-502 
inboard engine cutoff was by 
LOX depletion at 145 seconds. 


Planned outboard engines cutoff 
by LOX depletion. Fuel depletion 
cutoff was used for AS~+502. 


Outboard engines canted 2 degrees 
outboard at 20 seconds. 


Incorporated revisions to 
provide redundancy in critical 
electrical circuitry. 


Additional and improved 
instrumentation. 


Hardware changes and additional 
thermal-insulation protection 
for control pressure, camera 
ejection and purge, system and 
data components vulnerable to 
damage due to the S-IC/S-II 
separation environment. 
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separation. 


To eliminate the POGO 
problem which occurred on 


‘the AS-502 flight. 


To prevent vehicle maximum 
acceleration from exceeding 
4.0 g's. 


LOX depletion cutoff is 

the normal mode. Fuel 
depletion cutoff was used 

on AS~502 only to demonstrate 
the backup mode. 


To reduce the effect of 
thrust imbalance in the 
event an outboard engine 
prematurely shuts down. 


To eliminate 53 critical 
single point failure 
modes. 


Ta determine systems per- 


| formance, to verify and 


establish corrective action 
for S-IC AS-502 flight 
anomalies, and to further 
define flight environment. 


To minimize probability of 
recurrence of S-IC AS-§02 
flight anomalies during 
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B.3 S-II STAGE 
B.3.1 S-II Configuration 


The S-II stage shown in Figure B-3 provides second stage boost for the 
Saturn V launch vehicle. The S-II stage has a cylindrical structure, 
24.8 meters (81.5 ft) long and 10.1 meters (33 ft) in diameter. 

Propulsive power is provided by five J-2 engines with a combined 

nominal thrust of 5,004,249 Newtons (1,125,000 Ibf) at an oxidizer to fuel 
ratio of 5.5:1. The approximate weight of the stage is 40,098 kilograms 
(88,400) Ibm) dry and 469,423 kilograms (1,034,900 Ibm) fully loaded. 


The S-II airframe consists of a body sheil structure, (forward and aft 
skirt and interstage), a propellant tank structure, and a thrust 
structure. 


Each of the shell structure units are of basically the same construction 
consisting of a semimonocoque cylindrical shell fabricated from 7075 
aluminum alioy material. These units are stiffened by external hat- 
section stringers and internal ring frames. These units provide 
structural continuity between adjacent stages. 


The thrust structure is a semimonoque conical shell which tapers from 
the stage diameter down to a 5.49 meter (18 ft) diameter. it is con- 
structed in the same manner as the skirt section and is fabricated from 
7075 aluminum alloy material. Four pairs of thrust longerons (two at 
each outboard engine location) and a center engine support beam 
distribute the thrust loads of the five J-2 engines. A fiberglas 
honeycomb heat shield, supported from the lower portion of the thrust 
structure, protects the stage base area from excessive temperatures 
during S-II boost. 


Propellants are supplied to the J-2 engines from the LHg and LOX tanks. 
The LH2 tank is a cylindrical shell with the ends closed by a forward 
elliptical bulkhead and an aft reversed elliptical bulkhead. The tank, 

17 meters (56 ft) long and 10.1 meters (33 ft) in diameter, has a 

capacity of 1069 m3 (37,737 ft3). The tank wall is composed of six 
cylindrical sections which incorporate longitudinal and circumferential 
stiffeners. Wall sections and bulkheads are fabricated from 2014 aluminum | 
alloy joined by fusion welding. The LOX tank is of ellipsoidal shape. i 
It has a volume of 367 m3 (12,745 ft3). The tank is 7 meters (22 ft) : 
long and 10.1 meters (33 ft) in diameter. The bottom of the fuel tank : 
is Common to both tanks and serves as the forward half of the LOX tank. ‘ 
This common bulkhead is a sandwich structure composed of aluminum facing | 
sheets and a fiberglass/phenolic honeycomb core. The fore and aft halves 
of the LOX tank are formed from waffle-stiffened gore segments fabricated 
from 2014 aluminum alloy. 
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Figure B-3, S-II Stage Configuration 


The stage propulsion system consists of five single start J-2 engines 
utilizing LOX and LH2 for propellants. Each engine attains a nominal 
thrust of 1,000,851 Newtons (225,000 Ibf) at an oxidizer to fue! ratio of 
5.5:1. The four outboard J-2 engines are mounted with gimbal bearings 
and hydraulic powered actuator rods to provide thrust vector control. 

The fifth engine is mounted on stage centerline and is not gimbaled. 


The J-2 engine is a high performance, high altitude engine employing 
a tubular watled, one-and-a-haif pass, regeneratively cooled thrust 
chamber. Propellants are fed through two independently driven turbo- 
pumps. The ratio of fuel to oxidizer is controlled by bypassing LOX 
from the discharge side of the oxidizer turbopump back to the inlet 
side through a Propellant Utilization (PU) vaive. 


The propellant tanks are prepressurized from a ground regulated helium 
source prior to liftoff to provide the turbopump inlet pressure reauired 
for engine start. Prepressurization is terminated 30 seconds prior to 
liftoff for both tanks. During the engine ourn period, the LOX tank is 
pressurized by flowing LOX through the heat exchanger in the oxidizer 
turbine exhaust duct and the LH2 tank is pressurized by GHg from the 
thrust chamber fuel manifold. Both the LOX and LH2 propellant tanks 
have vent valves for over-pressure protection. 


Inflight separation of the S-IC/S-II stages is accomplished by a dual- 
plane separation system. Both separation events are controlled by the 
flight program stored in the Launch Vehicle Digital Computer (LVDC) 

which is located in the IU stage. First plane separation, occurring 

at vehicle station 39.73 meters (1564 in.), is initiated by an ordnance 
train. This train consists of an Explosive Bridge Wire (EBW) firing unit, 
an EBW detonator, and a linear shaped charge which severs the tension 
plates around the periphery of the stage at the separation plane. Four 
ullage motors on the S-II stage are fired to provide a propellant settling 
force and retro motors on the S-IC stage are fired to provide positive 
separation of the two stages. Second plane separation occurs about 30 
seconds later at vehicle station 44.7 meters (1760 in.) using the same type 
of ordnance train. 


‘Additional systems on the S-II stage include: 


a. The leak detection and insulation purge system detects hydrogen, 
oxygen, or nitrogen leaking into the LH2 tank insulation or LHe 
feedline elbows and provides a means for purging and diluting 
any leakage into the insulation prior to liftoff. 


b. The Environmental Control S¥stein (ECS) provides protection against 
hazardous gas concentrations and also provides temperature contro! 
in the engine compartment and equipment containers prior to liftoff. 


c. The pneumatic contro] pressure system provides the actuating force 


for the prevalves, recirculétion valves, and propellant fill and 
drain valves. 
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d. The propellant utilization system is used for propellant management 
during ae loading operations and S-II boost (flown open-loop q 
on AS-503). | 


e. The engine actuation system provides engine gimbaling. The actuators, 
which are part of the engine actuation system, receive the gimbaling 
commands from the flight control system in the IU. 


f, The electrical system is used for supplying and distributing electrical 
power to the various systems. 


g. The Emergency Detection System (EDS) supplies engine mainstage thrust 
OK and LH ullage pressure signals to the IU and spacecraft, respectively. 


h. The engine preconditioning (recirculation) system which recirculates 
LOX and LHo and provides LOX helium injection prior to S-II engine start. 


i. The data system is used for obtaining and transmitting data for stage 
performance evaluations. 


j. The propellant dispersion system is provided for range safety. 
k. The propellant feed system supplies propellants to the engines. 


1. The propellant level monitoring system uses liquid level moni tor- 
ing devices to provide propellant depletion cutoff signals to : . 
the engines and also provides backup propellant loading : 
information. . 


The recoverable separation camera system, which was used on AS-501 and 
AS-502 to provide visual data for second plane separation, has been 
deleted for AS-503 and subsequent vehicles. 


A structural change between this and previous S-II stages is the use of 
a "light weight" forward bulkhead for the LH2 tank. 


No new systems were added for AS-503. The significant S-II stage con- 
figuration changes within systems are listed in Table B-2. ; 


B.4 S-IVB STAGE = 
B.4.1 S-IVB Configuration 


The S-IVB stage, as shown in Figure B-4, is a bi-propellant tank structure 
designed to withstand the loads and stresses incurred on the ground and 
during launch, preignition boost, ignition, and all flight phases. The 
S-IVB stage has nominal dimensions of 18.0 meters (59 ft) in length and 
6.6 meters (21.6 ft) in diameter. The basic airframe consists of the 

aft interstage, thrust structure, aft skirt, propellant tanks, and 

forward skirt. The aft interstage assembly provides the load supporting 
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Table B-2. S-II Significant Configuration Changes 


























































































































SYSTEM CHANGE REASON 

Propulsion Replaced flexible hose sections Eliminated failure due 
in J-2 Augmented Spark Igniter to flow-induced vibrations 
(ASI) fuel and LOX lines with in a vacuum environment. 
rigid, tubular lines. 

LH2 tank vent valves replaced Reduce structural pressure 

by dual-setting vent valves. loads during S-IC and S-II 
boost. 

Propellant Utilization (PU) To minimize the effect on 

system to be operated "open vehicle performance in case 

loop." Timed mixture ratio of a PU malfunction. 

shifts will be commanded by 

the LVOC. 

Engine and prevalve control Insure proper response to 

circuits modified; engine an emergency engine cutoff 

electrical power removed command. 

when an emergency engine 

cutoff command is received 

and prevalves are inhibited 

from premature closure until 

thrust chamber pressure 

drops below 90 percent 

level. 

LOX sump baffle deleted Eliminates potential baffle 

and sump screen replaced failure and LOX fill 

with an inverted conical contamination will be more 

screen configuration of effectively filtered by the 

finer mesh. finer mesh modification. 

Separation Separation cameras deleted Separat:ion clearances on 
from engine compartment. previoiis flights were 

adequate. 

Instrumentation Timer No. 3, which limits Insure that al] data recorded 
playback time, for onboard during S-II separation, 
data tape recorder engine start, and engine 
disconnected. cutoff will be played back. 

Structures LHe forward bulkhead changed Weight saving. 





to light weight configuration. 


structure between the S-IVB stage and the S-II stage. The thrust 
structure assembly is an inverted truncated cone attached at its large 
end to the aft dome of the LOX tank and at its small end to the engine 
mount. This structure provides support for engine piping, wiring and 
interface panels, ambient helium spheres, and some of the LOX tank and 
engine instrumentation. The aft skirt assembly is the load bearing 
structure between the LHg tank and aft interstage. The propellant tank 
assembly consists of a cylindrical tank with a hemispherical shaped dome 
at each end. Contained within this assembly is a common bulkhead which 
separates the LOX and Lho. 
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The forward skirt assembly extends forward from the intersection of the 
LHo tank sidewall and the forward dome providing a hard attach point 
for the IU. 


The S-IVB is powered by one J-2 engine similar to those on the S-II stage 
with the exceptions that the nominal thrust is 1,023,092 Newtons (230,000 1bf) 
at a 5.5 mixture ratio and the S-IVB J-2 engine has a restart capability. 
LOX is supplied to the engine by a 6 inch low pressure duct from the LOX 
tank. LH2 is supplied by a vacuum jacketed ‘ow pressure 10 inch duct 
emanating from the LH2 tank. Prior to liftoff LH2 tank pressurization is 
provided by ground supplied helium. After S-IVB engine start, for both 
first and second burns, GH2 for LH2 tank pressurization is bled from the 
thrust chamber hydrogen injector manifold. During orbital coast (parking 
orbit), LOX and LH2 tank repressurization GHe storage spheres, attached 

to the thrust structure, and/or the 02/H2 burner using a cold helium sup- 
ply are used to supply engine restart pressure requirements for second 
burn. This dual repressurization mode was first incorporated on the AS-503 
flight. Prior to launch LOX tank pressurization is also accomplished by 

a ground helium supply. During first and second burns Ghe from storage 
spheres, located in the LH2 tank, is warmed by a heat exchanger to sup- 

ply tank pressurization. 


Pitch and yaw control of the S-IVB is accomplished during powered flight © 


by gimbaling the J-2 engine and roll control is provided by operating 
the Auxiliary Propulsion System (APS). 


The APS provides three axis stage attitude control and main stage 
propellant control during coast flight. The ullage engines are 
necessary for the propellant seating which is required for engine 
restart. The APS modules are located on opposite sides of the S-IVB 

aft skirt at positions I and III. Each module contains its own oxidizer 
system, fuel system, and pressurization system, Nitrogen Tetroxide 
(N204) is used as the oxidizer and Monomethy] Hydrazine (MMH) is the 
fuel for these engines. 


Additional systems on the S-IVB are: 
a. The hydraulic system which gimbals the J-2 engine. 


b. Electrical system which supplies and distributes power to the 
various electrical components. 


c. Thermoconditioning system which thermally conditions the electrical/ 
electronic modules in the forward skirt area. 


d. Data acquisition and telemetry system which acquires and transmits 
data for stage evaluation. 


e. A set of ordnance systems used for rocket ignition, stage separation, 
ullage motor jettison and range safety. 
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The more significant configuration changes between AS-502 S-IVB and 
AS-503 S-IVB are shown in Table B-3. 


Table B-3. S-IVB Significant Configuration Changes 


Propulsion Dual repressurization system using: Provide repressurization system 

a. Cryogenic mode for repressurization redundancy and checkout of cryogenic 
of both the LOX and LHg tank using mode. 
the 02/H2 burner and cold helium. 

b. Ambient mode for repressurization 
using the ambient repress bottle. 































Reduce the probability of failures 
due to flow induced vibration in a 
vacuum environment. 


J-2 engine ASI line assemblies redesigned 
and replaced witn rigid tubing. 



















Cold helium system conoseals changed to Prevent S-IVB cold helium leakage. 


7075 aluminum/teflon. 









LH> and LOX repressurization bottles and 
engine control bottle are manifolded 
together with check valves to limit the 
flow path. 


Assure adequate pressuring gas to the 
LHo tank to satisfy NPSP requirements 
for second burn, and to provide addi- 
tional pneumatic power to the engine 
valves for orbital safing. 












PU system to be operated “open loop”. To minimize the effect of any PU 


malfunction. 









Addition of LOX tank nonpropulsive vent 
system. 


Improved attitude control during 
coast mode. 


B.5 Instrument Unit (IU) 
B.5.1 {U Configuration 


The IU, as shown in Figure B-5, is basically a short cylinder fabricated 
from an aluminum alloy honeycomb sandwich material. The IU has a 

diameter of 6.6 meters (21.6 ft) and a length of 0.9 meter (3 ft). The 
cylinder is manufactured in three 120 degree segments which are joined by 
splice plates into an integral load bearing unit. The top and bottom 
edges of the cylinder are made from extruded aluminum channels bonded to 
the honeycomb sandwich material. Cold plates are attached to the interior 
of the cylinder which serve both as mounting structure and thermal 
conditioning units for the electrical/electronic equipment. — 


Other systems included in the IU are: 


a. The Environmental Control System (ECS) which maintains an acceptable 
environment for the IU equipment. 


b. The electrical system which supplies and distributes electrical power 
to the various systems. 
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Figure B-5. Instrument Unit Configuration 


c. The EDS which senses onboard emergency situations. 


d. The navigation, guidance, and control system. 


e, The measurements and telemetry system which monitors and transmits 
signals to ground monitoring stations. 


f, The flight program which controls the LVDC from seconds before liftoff 


until the end of the launch vehicle mission. 


The more significant configuration changes between AS-502 IU and AS~-503 


IU are shown in Table B-4. 


SYSTEM 


Flight Program 


Flight Control 
Subsys tem 


Electrical 
Sys tems 


Tracking 


Electrica 
Sys tem 


Table B-4. 





CHANGE 


Variable targeting calculations 
in boost initialization added, 


Propellant Utilization system 
wil] be operated “open Joop", 


Incorporated spacecraft commands 
for $-IVB early staging and S-IVB 
cutoff, 


Translunar injection burn can be 
inhibited by spacecraft command. 


Logic incorporated to provide two 
restart opportunities. 


Capability for a second S-IVB 
burn without the spacecraft 
included, 


41] simplex computer operations 
were deleted, 


A redundant indication of 
guidance faijure was added, 


Acquisition and loss of telemetry 
stations wil] be done on navigation 
calculations, 


Flight Control Computer modified to 
cant S-IC outboard engines 2 
degrees outward from liftoff plus 
20 seconds to QOECO, 


Filters added to the flight contro] 
computer attitude rate spatial 
channels, 


Addition of circuitry in the EDS 
distributor, 


Azusa System deleted. 


Several wiring changes to the EDS 
distributor, 





Be15 


IU Significant Configuration Changes 


REASON 


To reduce the probability of 
structural damage resulting 

from outboard engine maj func- 
tions during S-IC burn phase, 


To filter vehicle shell vibration 
modes resulting in reduced 
attitude error sensitivity. 


Provide two out of three voting 
logic to eliminate S-IC stage — 
engine failure due to relay 
contact failure. 


No longer required, 
Added reliability for manned flight, 
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B.6 SPACECRAFT 
B.6.1 Spacecraft Configuration 


The Apollo 8 spacecraft and launch vehicle adapter, as shown in Figure B-6, 
includes a Launch Escape System (LES), a Command Module (CM), a Service 
Module (SM), a Spacecraft Lunar Module Adapter (SLA), and a Lunar Module 
Test Article (LTA). From the bottom of the SLA to the top of the LES, the 
spacecraft measures approximately 24.9 meters (81.8 ft). 


The LES is the forward most part of the Saturn V Apollo space vehicle. 
Basic configuration of the LES consists of an integral nose cone Q-ball, 
three rocket motors, a canard assembly, a structural skirt, a titanium- 
tube tower, and a boost protective cover. The purpose of the three 
rocket motors is tower jettison, escape, and pitch control. The LES is 
jettisoned shortly after S-II stage ignition in a normal flight. 


The CM is designed to accommodate the three astronauts. The CM is a 
conically shaped structure consisting of an inner pressure vessel (crew 
compartment) and an outer heat shield. The CM is approximately 3,39 
meters (11.15 ft) long. Aluminum honeycomb panels and aluminum longerons 
are used to form the etal tight crew compartment. Stainless steel 
honeycomb covered with an ablative material is used to construct the 
outer heat shield, The unified side hatch is hinged to the vehicle and 
provides quick opening and improved egress/ingress capabilities. 


The SM is a cylindrical aluminum honeycomb shell with fore and aft 
aluminum honeycomb bulkheads, Six aluminum radial beams divide the SM 
into sectors. These beams have a triangular truss between the CM and SM 
with pads at the apex to support the CM. The SM aiso houses the Service 
Propulsion System (SPS) which includes an engine and propellant tanks. 


The SLA is a simple truncated cone measuring approximately 8.5 meters 
(28.0 ft) long and having forward and aft diameters of 3.9 meters (12.83 
ft) and 6.6 meters (21.6 ft), respectively. There are four attachment 
points in the aft section of the SLA for the LTA, The SLA is constructed 
in two sets of four panels, the panels being made from aluminum honeycomb 
At CSM/S-IVB separation the forward section panels are jettisoned by a 
mild detonating explosive train. 


The Lunar Test Article (LTA-B) simulated the mass of the lunar module as 
stowed in the adapter, This LTA weigned 9026 kilograms (19,900 Ibm) and 
was instrumented about al] axes for boost loads, 
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